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ABSTRACT
Acoustical breakout is the transmission of sound through the walls of heating, 
ventilation, and air conditioning ducts. Equations for predicting the breakout from 
rectangular, circular, and oval sheet metal ducts have been published by the American 
Society of Heating, Ventilation, and Air Conditioning Engineers (ASHRAE).
Recent advances in manufacturing techniques have led to the development of 
fiberglass lined sheet metal ducts, and ducts made from fiberglass ductboard. The 
equations presented by ASHRAE do not accurately predict the transmission loss from 
fiberglass ducts.
This project involved testing of rectangular and circular sheet metal, lined 
fiberglass, and fiberboard ducts. The breakout transmission loss was determined 
experimentally. Regression equations based on the empirical data were derived for each 
of the duct categories tested. Included are the equations to determine the ring frequency 
of circular ducts, and the transition frequency for each region of breakout transmission 
loss presented.
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CHAPTER 1
INTRODUCTION
Noise is generated within HVAC ducts primarily by two mechanisms; fan noise 
and regenerated noise created by air flow turbulence. In both cases, the vibrations may 
excite the duct walls, creating a low fi^equency rumble which is transmitted into the 
surrounding spaces. This phenomenon is called duct breakout.
When designing an HVAC system, it is important to predict the anticipated 
sources and magnitude of duct breakout into work spaces that are directly adjacent to 
mechanical equipment rooms. Failure to adequately provide for elimination of breakout 
may lead to complaints of noisy workspaces. Current equations for predicting duct 
breakout are provided by the American Society of Heating, Refiigerating, and Air 
Conditioning Engineers (ASHRAE) \
The development of fiberglass ductboard and fiberglass lined sheet metal ducts 
have added to the options an HVAC System Designer has when selecting ducts for use in 
a building. Fiberglass ductboard and fiberglass lined ducts provide both acoustic 
absorption and thermal protection for the system. Fiberglass ductboard also has the 
advantage of being much lighter than sheet metal ducts, making transportation
' “Sound and Vibration Control,” 1984 ASHRAE System Handbook, Chapter 32
I
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2and installation easier and less expensive, and reducing the support structure requirements 
for the installed duct system. The work completed by A  Cummings^ and reported by 
ASHRAE was for unlined sheet metal ducts, and did not include duct breakout for 
fiberglass lined or fiberglass ductboard air conditioning ducts.
Ducts for the tests were provided by Schuller International, Littleton, Colorado. 
Ducts provided by Schuller International included ducts lined with Permacote Linacoustic 
(figure 1.1), ducts made fi*om SuperDuct fiberglass ductboard (figure 1.2), and ducts lined 
with Permacote Spiracoustic and Spiracoustic Plus (figure 1.3). Table 1.1 provides 
detailed descriptions of the Schuller products tested. Specific dimensions and 
construction information for each duct tested is provided in the appropriate section of 
Chapters 4 and 5.
The circular ducts were standard spiral wound sheet metal ducts and had 1-inch 
DuctMate fianges on each end to allow sections to be clamped together. The specific duct 
specifications for each sheet metal duct tested for this project are included in the 
appropriate sections in Chapters 4 and 5.
Three sizes of double wall duct supplied by United McGill as K27 Double Wall 
Ducts were also tested. Figure 1.4 shows an end view of the 6-inch and 18-inch inside 
diameter duct sections.
 ^Cummings, A. “Acoustic Noise Transmission Through the Walls of Air Conditioning 
Ducts,” Final Contract Report, Department o f Mechanical and Aerospace Engineering, 
University of Missouri-Rolla, December 1983
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Trade Name
Permacote Linacoustic ®
SuperDuct ®
Permacote Spiracoustic ®
Spiracoustic Plus ®
Description
A 1.5 Ib/ft  ^density fiberglass insulation blanket 
bonded together with a phenolic binder. The 
airstream sur6ce was coated with an acrylic coating. 
Permacote Linacoustic was attached to galvanized 
sheet metal then formed into rectangular ducts. 
Figure 1.1 shows a representative section of 
Permacote Linacoustic.
A 4.4 Ib/ft  ^density fiberglass air duct board bonded 
together with a phenolic binder. The board was 
fiiced with an FSK facing which acted as a vapor 
barrier. The airstream surface was coated with an 
acrylic coating. The board was formed into 
rectangular air duct sections by grooving it and 
stapling it together, then taping the joints. Figure 1.2 
shows a representative section o f SuperDuct.
A 3.00 Ib/ft  ^density pre-formed rigid round 
fiberglass air duct bonded together with a phenolic 
binder. The airstream surface was coated with an 
acrylic coating. Permacote Spiracoustic was used as 
a duct liner by inserting it into a spiral wound sheet 
metal air duct with an inside diameter less than 18- 
inches.
A 4.25 Ib/ft  ^density fiberglass air duct board bonded 
together with a phenolic binder. The airstream 
surface was coated with an acrylic coating.
Permacote Spiracoustic Plus is manufactured with 
multiple kerfs. The product was used by cutting the 
air duct board to the required dimensions, forming 
the duct board into round sections, then inserting it 
into a spiral wound sheet metal air duct with an 
inside diameter greater than 18-inches. Figure 1.3 
shows a representative section of Spiracoustic Plus 
lining material.
Table 1.1 Description of Schuller International Products Tested
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Figure 1.1 Representative Section of Permacote Linacoustic Material
Figure 1.2 Representative Section of SuperDuct Fiberglass Ductboard
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Figure 1.3 Representative Section of Spiracoustic Plus Lining Material
Figure 1.4 End View of United McGill K27 Double Wall Duct
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6The objectives of this project were: _
1. Measure the breakout transmission loss of the following Schuller International 
fiberglass duct products;
a) 12x12 , 12x24,12x36,24x24, 24x36, 36x36-inch sheet metal ducts 
lined with Permacote Linacoustic;
b) 12x12, 12x24, 12x36, 24x24, 24x36,36x36-inch SuperDuct 
fiberboard ducts;
c) 6 and 12-inch inside diameter Permacote Spiracoustic lined ducts;
d) 18, 28, and 36-inch inside diameter Spiracoustic Plus lined ducts
2. In addition to the Schuller International ducts, measure the breakout 
transmission loss fi'om
a) 12x12, 12x24, 12x36, 24x24, 24x36, and 36x36-inch sheet metal ducts;
b) 8, 14, 20, 30, and 38-inch inside diameter circular sheet metal ducts;
c) 6, 12, and 18-inch inside diameter United McGill K27 double wall 
ducts.
3. Develop equations based on the measured data that can be used to predict the 
breakout transmission loss of the ducts and fiberglass duct products that were 
tested.
Chapter 2 provides the theory of duct breakout analysis. Transmission loss was 
determined experimentally for each of the duct sizes and types using the equations and 
procedures developed in Chapters 3.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
CHAPTER2
THEORY
Breakout is defined in terms of the breakout transmission loss (TLout) of the duct. 
As derived below, the breakout transmission loss (henceforth called transmission loss) of 
the duct is ten times the common logarithm of the ratio of the sound power into the duct 
divided by the sound power radiated fi’om the exterior surface of the duct. Parameters 
such as cross-section area, duct length, duct stiffiiess, and duct mass affect the duct 
transmission loss.
The Acoustical Society of America has established guidelines for the measurement 
of sound pressure levels (Lp) and converting the sound pressure measurements into sound 
power levels (Lw). These guidelines have been approved by the American National 
Standards Institute and published as ANSI Standard S12.31^ . All measurements for this 
project were performed to ANSI S 12.31 guidelines.
 ^ANSI Standard SI2.31 Precision Methods for the Determination of Sound Power Levels 
of Broad-Band Noise Sources in Reverberation Rooms
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gWhen multiple sound pressure measurements are made, the average sound 
pressure may be obtained using equation 2.1.
1 _D_ ^p(i)
iSloTT
n i=i
2.1
where Lp is the measured sound pressure.
In equation 2.1, it was desired to measure the sound output of the source. 
However, in the physical world it is nearly impossible to isolate the sound source from 
background sound levels to obtain the source sound pressure measurements. ANSI 
SI2.31 established guidelines and the mathematical methodology by which background 
noise levels may be filtered from sound pressure measurements made within the 
reverberation room. In cases where the sound pressure level measured with the source on 
is 12 dB (or greater) higher than the background sound pressure levels, no correction to 
the sound pressure level measurements is required. For this project, the difference between 
the measured and background sound pressure levels was greater than 12 dB.
The normalized Transmission Loss, TUt (dB), of a duct is given by equation 2.2.
uW, A ;,
T L ^ = lOlog 
where
Wi = sound power level (W) into the inlet of the duct;
Wr = sound power level (W) radiated from the outside surface of the duct; 
Aj = the inside cross sectional area of the duct; and
2.2
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Ao = the sound radiating surfrce of the duct. 
Equation 2.2 may be written as equation 2.3.
“  ^w(i) ~ ^ «(r) +10 log-
where
2.3
3
JO'
and L ,( ,)= 1 0 lo g .^ Y ^ j 2.5
In equations 2.3 to 2.5, is the sound power level (dB) of the inlet sound to the 
duct and L«^ r) is the sound power level of the sound radiated from the surface area of the 
duct.
When the sound power level at the duct inlet Lw(i) was measured, the duct outlet 
terminated abruptly into the reverberation room. This resulted in a portion of the sound 
power Wi in the duct being reflected back towards the sound source. To correct for the 
reflection and obtain the correct value for I^n  a duct end reflection correction factor** 
given by equation 2.6 was added to Lw(o.
r c r
EC = 101og-|l + —f -  2.6
where
Co = speed of sound in air (13504 in/s);
" D. Reynolds and J. Bledsoe 1991 Algorithms for HVAC Acoustics ASHRAE 
Publications
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
10
De = equivalent duct diameter (in); and 
f  = third octave band center frequency (Hz).
The final equation for obtaining TLoot from the measured values of L«(,-), 1^,), A, 
Ao, L, and duct dimensions was obtained by adding equations 2.3 and 2.6, and is given 
by equation 2.7.
TLoot -  L,(i) -  L,(r) +10 log-
\t.8
e
The values of A, A>, De, and L were obtained from the dimensional measurements 
of the ducts tested. The values of Lp(i) and Lp(r> were measured in the VAST Lab 
reverberation room according to the procedures specified by ANSI S 12.31. The 
comparison method, equation 2.8, was used to determine the sound power level (Lw) 
values corresponding to the measured sound pressure (Lp) levels.
— ^ w ( r r f )  ~  ^  8
where
Lw = calculated sound power level (dB) of the sound source being investigated;
Lp = space-averaged sound pressure level (dB) measured in the reverberation room 
of the sound source being investigated 
Lw(fco = known calibrated sound power level (dB) of a reference sound source; and 
Lp(ref) = space-averaged sound pressure level (dB) measured in the reverberation 
room of the reference sound source 
The fan used to measure the values of Lw(reo and Lp(„f) had been calibrated in the
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reverberation room; therefore, the values ofl^mo in equation 2.8 were known, and are 
provided in Table 2.1.
The values of Lp(reo were measured in the VAST LAB reverberation room for each 
duct section tested, and for the reverberation room with no ducts installed in the room.
The use of the comparison method provided consideration for the scattering effects of the 
installed ducts.
Chapter 3 provides the details on the test setup and procedure.
Frequency Lw(ref) Frequency Lw(ref)
50 73.57 800 72.99
63 72.09 1000 74.26
80 71.60 1250 75.51
100 71.64 1600 76.17
125 73.96 2000 75.91
160 72.94 2500 73.97
200 73.04 3150 72.52
250 72.52 4000 70.73
315 72.10 5000 72.30
400 71.70 6300 73.60
500 70.43 8000 71.47
630 72.05 10000 66.00
Table 2.1 Values ofLw(ref)
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CHAPTERS 
TEST SETUP AND PROCEDURES
Background
The measurement of sound breakout from air conditioning ducts was 
accomplished by directing sound from a source external to the reverberation room 
through a test section of duct and measuring the sound pressure levels in the reverberation 
room. Care was taken to ensure that the speakers were acoustically isolated from the 
reverberation room, and no sound was allowed to leak into the room from the outside or 
from the end of the test section. No standards for testing breakout from ducts currently 
exist.
Previous work in the field of sound breakout from sheet metal ducts performed by 
A. Cummings* used a specially constructed speaker chamber, with one wall constructed 
from *A-inch steel, and the other three walls constructed from hollow concrete blocks. The 
exterior of the enclosure was coated with acoustical lagging while the inside of the steel 
plate was covered with a 4.5-inch thick layer of concrete.
* Cummings, A  “Acoustic Noise Transmission Through the Walls of Air Conditioning 
Ducts, ” Final Contract Report, Department of Mechanical and Aerospace Engineering, 
University of Missouri-RoUa, December 1983
12
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Since the reverberation room in the Mechanical Engineering Department at UNLV 
is used for several different projects concurrently, the use of any permanent source 
enclosure was impractical. Therefore, a means of providing temporary acoustical isolation 
of speakers which would not interfere with other tests conducted in the reverberation 
room was required. Specifically, the source enclosure or isolation method used had to 
adequately seal against sound intrusion into the reverberation room, be interchangeable, 
allow testing of varying duct geometry, and be removable to allow other tests to be 
conducted.
Test Setup
All tests for this project were conducted in the reverberation room in the VAST 
Lab at UNLV. The reverberation room measured 26-ft by 21.5 ft. The duct centerline for 
all tests was approximately 45 inches above the floor. No sound pressure measurements 
were made within five feet of any room surface.
The sound speakers were mounted to a plenum approximately 40-ft fi'om the 
entrance to the reverberation room. Sound generated by the speakers traveled through a 
double wall 24x24-inch duct to a 48x48x48-inch plenum that entered the reverberation 
room. A door inside the reverberation room could be opened or closed allowing access to 
the plenum through a 4x4-ft opening.
Sound was generated by an IVIE Electronics 1E20B Noise Generator, and 
amplified with a Yamaha PD2500 Power Amplifier. A traveling microphone was attached 
to a boom approximately 132-inches above the floor. The boom was attached to the 
turning vane, and inscribed a circle approximately 96-inches fi-om the center of the
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
14
reverberation room. The sound pressure data was sent to a Brüel & Kjaer Type 2144 
Dual Channel Real Time Analyzer. The microphone boom was attached to an rotating 
turning vane which completed one revolution in approximately 30-seconds; the turning 
vane redirected sound waves and minimized the formation of low frequency standing 
waves within the reverberation room. The microphone was calibrated using a Brüel & 
Kjaer Type 4226 Multifunction Acoustic Calibrator before each test.
Plenum Entrance Conditions
Since ducts ranging in size from 8-inch to 38-inch were tested, finding a means o f 
acoustically sealing the plenum opening was the first task undertaken. A series of tests 
using different configurations to seal the plenum opening were performed to establish a 
method of sealing the entrance. First, sound power levels in the reverberation room with 
the plenum open were obtained. Subsequent tests used wall configurations ranging from 
plywood to double wall 18-gauge sheet metal barriers to seal the plenum opening. Table
3.1 provides a description of each wall type tested.
For each barrier type, a series of four sound tests were conducted in the 
reverberation room and the results were averaged to determine the sound power for the 
wall type that was tested. The relative insertion losses through each wall type were 
determined by subtracting the open plenum sound power from the closed wall sound 
power. Figure 3.1 shows the insertion losses through each of the six wall types.
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Wall Type Wall Description
1 Single plywood barrier.
2 Double plywood barrier, 10-inches between walls, gap 
filled with fiberglass.
-3 Double 24-gauge sheet metal barrier, 10-inches between 
walls, gap filled with fiberglass.
4 Double 18-gauge sheet metal barrier, 10-inches between 
walls, gap filled with fiberglass.
5 Double 18-gauge sheet metal barrier, 10-inches between 
walls, gap filled with fiberglass, four layers sheet lead on 
outer barrier surface.
6 Double 18-gauge sheet metal barrier, 10-inches between 
walls, gap filled with fiberglass, one layer lead on inner 
surface of each wall, two layers lead on outer surface of 
inner wall, 4 layers lead on outer surface of outer wall.
Table 3. 1 Description of Wall Types
8 8 8 8 R g g g g # g § gCN
-Typel inMition|jo6s(dB) -*-Type 2 Imeilicn Los» (dQ -*-Type3imei1ionLos5(d^ 
- Type 4 Insertion U as -«-Type 5 Insertion Loss -o-Type6lmeilionLo8s
Figure 3.1 Barrier Wall Insertion Loss
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Subsequent testing of the barrier wall with additional layers of lead did not 
significantly increase insertion losses, hence it was determined that the Type 6 barrier 
provided sufficient sound attenuation to conduct the breakout tests. Figure 3.2 shows the 
configuration of the type 6 wall used for all tests.
Mounting of the test sections was accomplished using a mounting assembly 
(Figure 3.3) designed and constructed specifically for each duct size and type. The 
mounting assembly attached to the back of the plenum, and provided mounting flanges 
allowing the construction of the barrier wall at the entrance to the reverberation room. 
Approximately 4-inches of the mounting assembly extended into the reverberation 
room, providing a mounting surface for the test sections. Test sections slid over the 
mounting assembly (rectangular) or were clamped to the mounting assembly (circular). 
After the test sections were taped or clamped in place all exposed mounting assembly 
surfaces were sealed with a minimum of two layers of lead.
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Test Section End Conditions
Sealing of the end of the test sections was necessary to prevent sound from 
entering the reverberation room via any path other than through the duct walls. Beginning 
with the sealing techniques described for the barrier wall, an end barrier and cap was 
constructed as shown in Figure 3.4.
Testing of the barrier and the end cap configuration was accomplished by installing 
a mounting assembly and barrier wall as shown in Figure 3.2. The end o f the mounting 
assembly was sealed with an end cap using the techniques illustrated in Figure 3.4. Four 
sound pres^re tests were conducted using the test procedures outlined below, and the 
losses through the wall and the mounting assembly were determined. The insertion losses 
of the mounting assembly were compared to the insertion losses of the barrier wall with 
no mounting assembly installed, providing a measure of the effectiveness of the end caps. 
Figure 3.5 shows the results of the test, from which it was determined that the procedure 
for sealing the ends of the ducts provided an adequate seal for the duct breakout tests.
The end plug and barrier walls were uniformly constructed for each test, and were not 
removed or changed in any way during a series of tests until all tests were completed and 
the results had been reviewed for each duct size and type.
All tests were performed using a plenum barrier wall consisting of at least 10- 
inches of fiberglass, 2 layers of 18-gauge sheet metal, and 8 layers o f sheet lead and an 
end section sealed with, at a minimum, 2-fr of fiberglass, 2 layers o f I-in plywood, and 10 
layers of sheet lead.
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Figure 3.5 Testing of the Test Section End Plug
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Figure 3.6 shows the mounting assembly installed in the plenum, the inner barrier 
wall constructed, and the sheet lead installed to the inner barrier wall to seal the wall. 
Figure 3.7 shows the fiberglass installed in the 10-inch gap between the irmer and outer 
walls. Figure 3.8 shows the final outer barrier wall construction, with all layers of sheet 
lead on the barrier wall. Note the extension of the mounting assembly into the room, 
providing a flange to mount the test sections onto. Figures 3.9 and 3.10 show the inside 
and outside view of an end cap.
Figure 3.6 Irmer Wall Construction
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Figure 3.7 Fiberglass Fill between Barrier Walls
Figure 3.8 Outer Barrier Wall with Lead
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Figure 3.9 Inside Mew of End Cap
Figure 3.10 Outside View of End Cap
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Figure 3.11 Duct Breakout Test Setup
Figure 3.11 shows a schematic of the reverberation room setup, the plenum into 
the reverberation room with the location of the barrier walls, and a typical test section 
installed.
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Sealing of the Joints Between Test Sections
The joints between duct sections were tested for adequacy of the acoustic seal. 
The ducts used for the tests were constructed from standard gauge sheet metal or 
fiberboard as described in Chapter 1. To ensure ideal laboratory conditions, 
tests were performed on a 196-inch long 12xl2-in sheet metal duct to compare the 
transmission losses from with joints sealed with lead and unsealed joints. Figure 3.12 
illustrates that the transmission losses of the unsealed joints show a high frequency leak. 
Sealing of the joints significantly reduced the leaks. Based upon the results o f this test, all 
duct sections joints in subsequent tests were sealed with lead.
Figure 3.13 shows the 24x36 SuperDuct being prepared for testing. Figure 3.14 
shows the 12-inch inside diameter Spiracoustic prepared for testing.
TU Unsealed Joints 
TL. Sealed Joints65
S, 55
25
S8 I8 g I I 8 5M m I I I o 1 1 1 § sM n s o s 8 IS s §
Frequency (Hz)
Figure 3 .12 Transmission Loss from Sealed and Unsealed Duct Joints
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Figure 3.13 24x36 SuperDuct Prepared for Testing
«
Figure 3.14 12-inch Spiracoustic Prepared for Testing
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Test Procedures
Each duct tested required several different tests to be performed to find the 
transmission loss for the duct. This section describes each step in the test procedure, and 
ties the test procedure to each equation required to find the breakout transmission loss 
fi'om a duct.
1. The mounting assembly and barrier wall were installed in the inlet plenum 
using the construction technique illustrated in figure 3.2. The mounting 
assembly and barrier wall were not removed until all sound tests for the 
installed duct were completed.
2. The third octave ambient sound pressure levels Lp were measured and 
logarithmically averaged using equation 2.1 for each duct tested to verify that 
the sound pressure levels for the duct test were at least twelve dB higher than 
the ambient sound levels.
3. With the speakers off three reference sound tests were performed using an 
accurate reference sound source for which the sound power [Lw(icc] was 
known for each of the third octave band firequencies. The results o f the three 
tests were logarithmically averaged, obtaining the values for Lp(reo- Reference 
points in the room were selected such that there was a point on each side of 
the test section, approximately equidistant fi'om the test section and a minimum 
of five feet fi'om any wall. The same reference points were used for each set of 
tests. The reference sound source was then removed fi'om the room.
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4. With the speakers turned on, four sound tests measuring the third octave band 
values for Lp were performed with the test mounting section (figure 3.3) open 
to the reverberation room. The results of the four tests were logarithmically 
averaged using equation 2.1. This provided the value of Lp(,).
5. The average Lp values fi'om step (4), the values fi'om step 3, and the
values fi'om table 2.1 were used to calculate 1 ,^-) firom equation 2.8.
6. An end cap was installed into a duct section using the construction techniques 
illustrated in figure 3.4. The ducts to be tested were assembled, using the 
section with the end cap to terminate the test sections. The only sound that 
entered the reverberation room was sound radiated fi'om the duct surface.
7. Step (3) was repeated with the duct in the room.
8. Step (4) was repeated with the sound radiating into the reverberation room 
fi'om the duct outside surface.
9. The results fi'om steps 7 and 8 were used to in equation 2.8 to calculate the 
value ofL^r).
10. The area term was calculated.
11. The third octave band end correction factors were calculated using equation 
2 .6.
12. From the calculations performed in steps 5, 9, 10, and 11, equation 2.7 was 
used to calculate the value of TLom.
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CHAPTER 4
ACOUSTICAL BREAKOUT FROM RECTANGULAR DUCTS
This section discusses sound breakout firom rectangular ducts in detail. Breakout 
fi'om rectangular sheet metal ducts is covered first, followed by breakout fi'om lined 
rectangular sheet metal ducts, and culminating with a discussion of breakout fi'om 
rectangular fiberglass ductboard ducts.
All rectangular duct tests consisted of testing sound breakout for six sizes of ducts. 
One 20-ft test section for each type of duct was assembled and tested. Since same size 
ducts constructed fi'om different gauges were not tested, the equations derived fi'om these 
breakout tests should be used only for standard gauge ducts.
Sheet Metal Ducts
Transmission losses for unlined rectangular sheet metal ducts may be approximated 
by equation 4.1®
6 Sound and Vibration Control,” 1984 ASHRAE Systems Hcmdbook, Chapter 32
28
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4.1
for regions in which the plane mode is predominant, and by equation 4.2
T L ^ = 20 log" (f • q) -  31 
in regions where the multi-mode transmission is predominant. The plane mode is 
predominant in the region where
24134
4.2
f<
Va b 4.3
Equation 4.1 predicts a slope of approximately 3 dB per octave, while equation
4.2 predicts a slope of approximately 6 dB per octave. Figure 4.1 shows the values of 
equations 4.1 and 4.2 for a 36x36 20-gauge rectangular sheet metal duct.
Ç 5 5
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E  4 5
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Figure 4.1 Cumming’s Prediction Equations for 36x36 20-gauge Rectangular Sheet Metal
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In actual experiments scattering of data below 1000 Hz can be observed^ with a 
slope of approximately 2 dB per octave. Above 1000 Hz, the data exhibits less 
scattering, and a slope of approximately 4 dB per octave is observed.
Table 4.1 gives the dimensions, lengths, and gauges of each sheet metal duct 
tested. The 12xl2-inch ducts came in 44-inch sections, while all other ducts came in 56 
and 116-inch sections. The typical duct test section consisted of a 56-inch section, the 
116-inch section, and the other 56-inch section which contained the end plug.
Height (in) Width (in) Section Length Sheet Metal Duct Mass
(in) Gauge (Ib/ft^)
12 12 44 22 1.25
12 24 56/116 24 1.0
12 36 56/116 20 1.5
24 24 56/116 24 1.0
24 36 56/116 20 1.5
36 36 56/116 20 1.5
Table 4.1 Rectangular Sheet Metal Duct Specifications
Appendix A provides the data sheets showing the calculation of the transmission 
loss for each rectangular duct tested. Tables A.1 through A.6 provide transmission loss 
for the sheet metal ducts tested, showing the sound power into the duct (L«(i))» the 
radiated sound power (Lw(r)), the end correction term, area normalization, and the final 
Tlout as calculated using equations 2.1 through 2.8.
’ A. Cummings 1983 American Societv of Heating. Refngeratinp and Air Conditioning 
Engineers Final Contract Report ASRAETRP-318. Acoustic Noise Transmission 
Through the Walls of Air Conditioning Ducts 43-75
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Once the transmission loss for each sheet metal duct was determined, a multi- 
variable regression analysis was performed to best fit the data. The independent variables 
fi'equency, duct mass, and duct major and minor dimensions were transformed to their log 
values, and a best fit equation to the dependent variable TLt was obtained. From 
observation of the data, the data appeared to be divided into regions of two dififering 
slopes; below 1000 Hz appeared to have a slope of approximately 2 dB per octave, while 
above 1000 Hz the slope appeared to be approximately 4 dB per octave. A regression 
equation was obtained for each of the regions. Equations 4.4 and 4.5 give the 
transmission loss equations for sheet metal.
0 J 4 „ 0 .9 4f"^q' 
,(a + b)T L «  = lOlog-l 7 7 - ^  + 37B  4.4
T L ^= lOlog-l —  — 0.61 + 10.6 4.5
/.(a + b)“
Equation 4.4 had a slope of approximately 2 dB per octave, and had a coefiBcient 
of determination of 0.76 with a standard deviation of 1.75 dB. Equation 4.5 had a slope 
of approximately 4 dB per octave, a coefficient of determination of 0.93, and a standard 
deviation o f 0.99 dB.
Equations 4.4 and 4.5 were equated to obtain the point of intersection (transition 
firequency) of the two regions, where stiffiiess and plane mode effects became subordinate 
to multi-mode transmission. Equation 4.6 provides the equation for calculating the 
transition fi’equency between equations 4.4 and 4.5.
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106206-g 
(a+b)*'^
0S7
4.6
Equation 4.6 predicts that the transition frequency will decrease as the mass and 
duct dimensions increase. Equation 4.4 was used for frequencies below the transition 
frequency calculated from equation 4.6, and equation 4.5 was used to predict transmission 
loss above the transition frequency. Table 4.2 summarizes the equations for predicting the 
breakout transmission loss from rectangular sheet metal ducts, and gives the equivalent 
equations in SI units.
Region
English Units 
1
TLout equation
T L ^ = lOlog-
 ^j-034q0.M
<(a+b)'^ \+37S
T L ^=  lOlog-
j-l.08q0.74 >
<(a + b r \ + 10.6
SI Units 
1
T L ^ =101og-
j-0.54q0.94 \
l(a + b)'^.
+9
T L ^=  10 log-
'  j-I.08q0.74 ^
.(a + b r v -4 .2
Transition Frequency 
Equation
f =
106206 
(a + b)*"^
f = 3 Z I : i
'  (a + b)
0 J7
1.46
Table 4.2 Rectangular Sheet Metal TLom and Transition Frequency Equations
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Table 4.3 provides the value of the transition frequency for each of the tests. 
Figures 4.2 through 4.7 show the measured and predicted transmission loss values for the 
rectangular sheet metal ducts tested.
Duct Inside Dimensions (inches) Transition Frequency
12x12 1114Hz
12x24 567 Hz
12x36 433 Hz
24x24 373 Hz
24x36 313 Hz
36x36 240 Hz
Table 4.3 Rectangular Sheet Metal Duct Transition Frequencies
65
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Figure 4.2 Predicted and Measured Transmission Loss from 12x12 22-gauge Sheet Metal
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Figure 4.3 Predicted and Measured Transmission Loss from 12x24 24-gauge Sheet Metal
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Figure 4.4 Predicted and Measured Transmission Loss from 12x36 20-Gauge Sheet 
Metal
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Figure 4.5 Predicted and Measured Transmission Loss from 24x24 24-gauge Sheet Metal
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Figure 4.6 Predicted and Measured Transmission Loss from 24x36 20-Gauge Sheet 
Metal
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Figure 4.7 Predicted and Measured Transmission Loss from 36x36 20-gauge Sheet Metal
The transition point between equation 4.4 and 4.5 appears to correspond to the 
transition frequency for multi-mode propagation in the duct. For a rectangular duct, the 
transition to the mn mode occurs at the frequency predicted by equation 4.7. Table 4.4 
provides the transition frequencies for the first six modes for each of the duct sizes tested.
\ ' b V 4.7
A comparison of the duct transition frequencies in Table 4.3 and the cross-mode 
cut-oflf frequencies in Table 4.4 indicate that the transitions appear to generally occur in a 
region where the fn cross-mode propagates.
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a (in) b(in) fio & 5)2 fii fl2
12 12 563 Hz 1125 Hz 563 Hz 1125 Hz 796 Hz 1258 Hz
12 24 563 Hz 1125 Hz 281 Hz 563 Hz 629 Hz 796 Hz
12 36 563 Hz 1125 Hz 188 Hz 375 Hz 593 Hz 676 Hz
24 24 281 Hz 563 Hz 281 Hz 563 Hz 398 Hz 629 Hz
24 36 281Hz 563 Hz 188 Hz 375 Hz 338 Hz 469 Hz
36 36 188 Hz 375 Hz 188 Hz 375 Hz 265 Hz 419 Hz
Table 4.4 Table o f Cross-Mode Cut-Oflf Frequencies
To validate the test setup and procedures, the predicted transmission loss was fit 
to data collected in tests by Cummings^. Figures 4.8 and 4.9 show data for a 9x6-in 20- 
gauge and a 30xl4-inch rectangular sheet metal duct and the predicted transmission loss 
given by equations 4.4 and 4.5. In both cases, the predicted transmission loss given by 
equations 4.4 and 4.5 provide a good fit to the data. Since Cummings sound source was 
in the reverberation room, it is possible that flanking sound transmission was present. For 
the tests in this project, the sound source was external. This explains why the 
transmission losses reported in this thesis are slightly higher than the transmission loss 
values reported by Cummings.
* A. Cummings 1983 American Societv of Heating. Refiigerating and Air Conditioning 
Engineers Final Contract Report ASRAE TRP-318. Acoustic Noise Transmission 
Through the Walls of Air Conditioning Ducts p. 43-75
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Figure 4.8 Predicted and Measured Transmission Loss from 9x6 20-gauge Sheet Metal
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Figure 4.9 Predicted and Measured Transmission Loss from 30x14 24-gauge Sheet Metal
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Lined Sheet Metal Ducts
Equations for predicting the duct breakout from lined sheet metal ducts do not 
currently exist. It was anticipated that the transmission losses from the lined duct would 
be higher than the transmission losses for sheet metal due to the acoustical absorption of 
the fiberglass. Equations to predict the transmission loss were derived for the lined sheet 
metal by using the same methodology as described for the unlined sheet metal ducts. 
Table 4.5 provides the specifications for the sheet metal ducts tested as part of this 
project. All duct lengths were normalized as described in the preceding section. Tables 
A7 through A. 12 in Appendix A provide the data sheets for the calculation of the 
normalized transmission loss (TLout) for the lined sheet metal ducts.
Height (in) Width (in) Section Length 
(in)
Sheet Metal 
Gauge
Duct Mass 
(Ib/fr:)
1 2 1 2 56/116 2 2 1.25
1 2 24 56/116 24 1 .0
1 2 36 56/116 2 0 1.5
24 24 56/116 24 1 .0
24 36 56/116 2 0 1.5
36 36 56/116 2 0 1.5
able 4.5 Rectangular Lined Sheet Metal Duct Specifications
A multi-variable regression analysis was performed on the lined sheet metal duct 
data. For this regression analysis, since the mass per unit area of the lining material is a 
constant, the mass of the sheet metal in the duct sections were used, and the mass of the
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duct lining was added to the constant. In lined sheet metal ducts, a possible transition 
frequency was observed at 315 Hz, considerably lower than the transition frequency noted 
in the bare sheet metal ducts and predicted using equation 4.6. The transition frequency 
occurs where the fiberglass lining begins to offset the transmission of sound in the duct. 
Equations 4.8 and 4.9 give the transmission loss prediction equations for lined sheet metal 
ducts.
TLg^ = lOlog-
T L ^  = 1 0  log-
1.95
( j-l.01ql.43 ^
(a + b) 
f ^ q
\\sa ^
+393 4.8
4-10.9 4.9dsi+by
The region of the transmission loss curve governed by equation 4.8 showed a 
slope of approximately 3 dB per octave, while equation 4.9 predicted a slope of 
approximately 6  dB per octave. Equation 4.8 had a coefficient of determination of 0.84 
and a standard deviation of 1.7 dB. Equation 4.9 had a coefficient of determination of 
0.98, and a standard deviation of 1.74 dB.
As described in the section on unlined sheet metal ducts, the actual transition 
frequency was found from determining the intersection of equations 4.8 and 4.9. 
Equation 4.10 gives the equation for predicting the transition frequency in lined sheet 
metal ducts.
2 2 1 q°-""
'■ ■ Ca+b)“"  4 ' °
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From equation 4.10, it was apparent that the transition frequency in lined sheet 
metal ducts is nearly stationary. For fiberglass lined sheet metal ducts, the transition 
frequency will range between 205 and 235 Hz for the ducts listed in Table 4.5. Table 4.6 
provides a summary of the equations in English and SI units to predict the breakout 
transmission loss from fiberglass lined rectangular sheet metal ducts.
Figures 4 . 1 0  through 4.15 show the breakout transmission loss from each of the 
lined sheet metal ducts tested. Also shown on the graph are the predicted transmission 
losses from equations 4.8 and 4.9. Table 4.7 provides the transition frequency for each 
rectangular lined sheet metal duct tested.
Region 
English Units
1
Transmission Loss Equation Transition Frequency 
Equation
TLg^ = lOlog-
 ^ j-l.01ql.43
.(a + b)*-""
+ 3 9 5
f  =
2 2 Iq 032
T L ^  = 1 0  log.
SI Units
T L ^  = 1 0  log.
r  j-1.01 1.43 \
(a + b)0.02
V(a +  b)
f =
124q 0J 2
T L ^  = lOlog.
(a + b)0.02
Table 4.6 Fiberglass Lined Rectangular Duct TLo« and Transition Frequency Equations
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Lined Duct Inside Dimensions (inches) Transition Frequency
1 2 x 1 2 223 Hz
12x24 206 Hz
12x36 233 Hz
24x24 205 Hz
24x36 232 Hz
36x36 231Hz
Table 4.7 Transition Frequencies for Rectangular Lined Sheet Metal Ducts
65 Region 2
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Figure 4.10 Predicted and Measured Transmission Loss from 12x12 Lined Sheet Metal
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Figure 4.11 Predicted and Measured Transmission Loss from 12x24 Lined Sheet Metal
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Figure 4.12 Predicted and Measured Transmission Loss from 12x36 Lined Sheet Metal
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Figure 4.13 Predicted and Measured Transmission Loss from 24x24 Lined Sheet Metal
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Figure 4.14 Predicted and Measured Transmission Loss from 24x36 Lined Sheet Metal
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Figure 4.15 Predicted and Measured Transmission Loss from 36x36 Lined Sheet Metal
SuperDuct
This section presents the transmission loss equations for use with fiberglass 
ductboard ducts. Since all SuperDuct sections had the same mass, mass was not included 
as an independent variable in the regression analysis. Hence, the equations for SuperDuct 
gives the transmission loss as a function of the frequency and the major (a) and minor (b) 
duct dimensions.
Table 4.8 gives the duct specifications for SuperDuct sections tested.
Examination of the data from tests on SuperDuct revealed that the transmission 
loss was separated into four distinct regions. Initial observations of the data indicated
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Height (in) Width (in) Section Length (in)
1 2 1 2 48
1 2 24 48
1 2 36 48
24 24 48
24 36 48
36 36 48
Table 4.8 SuperDuct Test Section Specifications
possible breakpoints at 160 Hz, 400 Hz, and 630 Hz. From 50 to 160 Hz (region 1) the 
transmission loss had a negative slope of approximately 2 dB per octave. Equation 4.11 is 
the expression for the transmission loss fi'om 50 Hz to the first transition fi’equency.
Region 1 TL*, =101og. + 81.4 4.11U°™(a + b ) ^ /
Equation 4.11 had a coeflBcient of determination of 0.73, and a standard deviation 
of 2.56 dB.
From approximately 200 to 400 Hz, the transmission loss showed a positive slope 
of approximately 8  dB per octave, and may be predicted using equation 4.12.
Region 2 T L^ = 1 0  log
.(a + b)'"y - 5 4.12
Equation 4.12 had a coeflBcient of determination of 0.92, and a standard deviation 
o f l . l 8 dB.
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From approximately 500 to 630 Hz, the transmission loss had a negative slope of 
approximately 4 dB, and is approximated using equation 4.13.
Region 3 TL„« = 10 log ^ 1 1 + 164.7 4.13
'.f"” (a + b)‘*"y
Equation 4.13 had a coeflBcient of determination of 0.97, and a standard deviation 
of 0.83 dB.
In the region from approximately 800 to 10000 Hz, the transmission loss had a 
positive slope of approximately 5 dB per octave, and is approximated using equation 4.14
T L ^ = 1 0  log- \1.47y
+9.5 4.14
,(a + b)‘
Equation 4.14 had a coeflBcient of determination of 0.93, and a  standard deviation 
of 1.58 dB.
Tables A. 13 through A. 18 in Appendix A provide the data sheets showing the 
calculation of the transmission loss for each SuperDuct test section. The actual transition 
frequency equations were found by determining the intersection of equations 4.10 through 
4.14. The transition frequencies were compared to the initially assumed transition 
frequencies to establish the validity of the initial assumption.
The transition frequency for equations 4.11 and 4 . 1 2  may be calculated from 
equation 4.15.
501
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For frequencies below the transition frequency calculated in equation 4. IS, 
equation 4.11 was used to predict the transmission loss. Evaluating equation 4.15 for the 
ducts used in this project reveals that the transition frequency is between 145 and 201 Hz. 
For frequencies above the transition frequency, equation 4.12 was used, until the next 
transition frequency, calculated from equation 4.16, was encountered.
452 
' ^ “ (a + b)°“
Since the exponent of the denominator in equation 4.16 is very close to zero, the 
transition frequency will not vary significantly with changing duct dimensions. The 
evaluation of equation 4.16 for the ducts tested for this project yielded a transition 
frequency of between 365 and 386 Hz.
The transition from equation 4.13 to 4.14 was estimated using equation 4.17.
859
'•’ '(a + b )» " ' 4 '7
Evaluation of equation 4.17 showed that the transition from equation 4.13 to 
equation 4.14 is between 610 and 6 6 6  Hz.
The use of equations 4.11 to 4.15 to estimate third octave band frequency 
breakout transmission loss is summarized in Table 4.9 in both English and SI units. Table 
4.10 provides the transition frequencies between each of the equations used for predicting 
the breakout transmission loss. Figures 4.16 through 4.21 show the measured and 
predicted breakout transmission loss for each rectangular SuperDuct section tested.
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Region 
English Units 
1
TLout Equation
SI Units
TL«“ -  b )^
TL,„ = 10 log-
f2 .5
Ua + b)'^V
- 5
3 TLg„j 10 log-^^3,,^^ ^ 5Q j + 164.7
TL,„, = 10 log
<(a + b )*■*’ j
+ 9.5
TL„, -1 0 log-^^ 0.70(3 + b ) is ]  + 41
TL.., = 101og
f2 .S
U a +  b)‘
n r  -  30.7
TL„„t = 10 log- + 134.4
TL = 10 log-
1.6
(a b) 1.47
-  13.9
Transition Frequency 
Equation
501
(a + b)'0J.9
452f =
(a + b)O.OS
859
(a + b)0.08
173
(a + b)0.29
f - - J Z É - .
"=' (a + b)®®'
640 
"  (a + b)®“
Table 4.9 SuperDuct Transmission Loss and Transition Frequency Equations
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SuperDuct Inside Transition from Transition from Transition from
Dimensions 4.11 to 4.12 4.12 to 4.13 4.13 to 4.14
1 2 x 1 2 201 Hz 386 Hz 6 6 6  Hz
12x24 177 Hz 378 Hz 645 Hz
12x36 163 Hz 372 Hz 630 Hz
24x24 163 Hz 372 Hz 630 Hz
24x36 153 Hz 368 Hz 619 Hz
36x36 145 Hz 365 Hz 610 Hz
Table 4.10 Transition Frequencies for SuperDuct
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Figure 4.16 Predicted and Measured Transmission Loss from 12x12 SuperDuct
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Figure 4.17 Predicted and Measured Transmission Loss from 12x24 SuperDuct
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Figure 4.18 Predicted and Measured Transmission Loss from 12x36 SuperDuct
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Figure 4.19 Predicted and Measured Transmission Loss from 24x24 SuperDuct
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Figure 4.20 Predicted and Measured Transmission Loss from 24x36 SuperDuct
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Figure 4.21 Predicted and Measured Transmission Loss from 36x36 SuperDuct
Rectangular Duct Breakout Transmission Loss Prediction Curves
Figures 4.22 through 4.27 present the breakout transmission loss prediction curves 
for each size of rectangular duct tested. In each figure, the predicted transmission loss for 
a 24-gauge sheet metal duct, a fiberglass lined 24-gauge sheet metal duct, and a 
SuperDuct fiberboard duct have been plotted.
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Figure 4.22 Predicted Transmission Loss Curves for 12x12 Ducts
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Figure 4.23 Predicted Transmission Loss Curves for 12x24 Ducts
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Figure 4.24 Predicted Transmission Loss Curves for 12x36 Ducts
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Figure 4.25 Predicted Transmission Loss Curves for 24x24 Ducts
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Figure 4.26 Predicted transmission Loss Curves for 24x36 Ducts
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Figure 4.27 Predicted Transmission Loss Curves for 36x36 Ducts
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CHAPTERS
ACOUSTICAL BREAKOUT FROM CIRCULAR DUCTS
This section discusses acoustical breakout from circular ducts. The testing process 
for each type and size of duct followed the format described for rectangular ducts. The 
same barrier wall construction and end plug construction was used for the circular ducts 
as has been-described for rectangular ducts.
Duct sections were constructed from standard gauge sheet metal. The equations 
given in this section should be used only for standard gauge ducts.
Sheet Metal Ducts
Previous work in predicting transmission loss from circular sheet metal ducts had 
been performed by A. Cummings, and had produced equations adequate for predicting 
minimum transmission loss in the octave frequency bands. However, when the analysis 
was extended to third octave band or narrow bands, breakout transmission loss was hard
57
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to predict^. The transmission loss for octave band frequency can be approximated by the 
larger value obtained from equations 5.1 and 5.2.
T L ^ = 17.6 log. (q) -  49B log- (f ) -5 5 3  log- (D)+2329 5.1
or TLgg = 17.6 log* (q)—6 . 6  log- (f ) -  36.9 log- (D)+97.4 5.2
Figure 5.1 shows the breakout transmission loss predicted by equations 5.1 to 5.3 
for a 38-inch inside diameter 18-gauge sheet metal duct.
Equations 5.1  and 5.2 are both specifically for spiral wound ducts. The maximum 
transmission loss from a circular duct is 50 dB; hence, if the results of equation 5.1 or 5.2 
exceeds 50 dB, the value should be set to 50 dB. For ducts with a diameter exceeding 26- 
inches, transmission loss at 4000 Hz may be approximated by using equation 5.3.
TL^ = 17.6 log. (q) -  36.9 log. (D)+90.6 5.3
All circular ducts tested for this project were spiral wound construction. Table 5.1 
provides the specifications for the sheet metal ducts tested.
Duct Inside 
Diameter
Section Length (in) Sheet Metal Gauge Duct Mass 
(Ib/ft^)
8 1 2 0 24 1 . 0 0
14 1 2 0 24 1 . 0 0
2 0 1 2 0 2 2 1.25
30 1 2 0 2 0 1.50
38 1 2 0 18 2 . 0 0
Table 5.1 Circular Sheet Metal Duct Specifications
® A. Cummings 1983 American Societv of Heating. Refneerating and Air Conditioning 
Engineers Final Contract Report ASRAE TRP-318. Acoustic Noise Transmission 
Through the Walls of Air Conditioning Ducts 110-118
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Figure 5.1 Predicted Breakout Transmission Loss from 38-inch 18-gauge Sheet Metal 
(Cummings)
Equations 5.1 and 5.2 predict a flat transmission loss at very low frequencies, then 
a negative slope varying between 2 and 15 dB per octave from approximately 125 Hz to 
2000 Hz. At 4000 Hz, equation 5.3 predicts a positive slope of approximately 15 dB per 
octave in ducts over 26-inches in diameter. Ducts under 26-inches in diameter would 
continue to have a negative slope of 2 to 15 dB per octave.
When the predicted transmission loss equations are compared to experimental 
values obtained by Cummings, the percent difference between the predicted transmission 
loss and experimentally measured transmission loss varies from 4 to 50 percent. Figure
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5.2 shows the experimental and calculated transmission losses from an 8 -inch diameter, 
26-gauge sheet metal duct based on data from Cummings.
As the duct diameter increases, the accuracy of the predicted transmission loss 
given in equations 5.1 and 5.2 improves. However, these equations are valid only for the 
octave band frequencies up to 4000 Hz.
Appendix B provides the data sheets showing the calculation of the transmission 
loss for the circular ducts. Tables B.l through B.5 provide the raw data and show results 
of the calculations.
Using the transmission loss values calculated in table B.l through B.5, and the 
values for the duct diameter and mass shown in Table 5 .1, a multi-variant regression
60
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Figure 5.2 Comparison of Experimental and Calculated TLout by Cummings
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analysis was performed to determine equations to predict transmission loss in the third 
octave bands from 50 to 10000 Hz for the sheet metal ducts. Careful observation of the 
data revealed that the transmission loss could initially be separated into 4 regions. Region 
1 appeared to be from 50 to 160 Hz, where the data is widely scattered. In equations 5.1 
and 5.2, this region would have a zero slope with a transmission loss of 50 dB. Region 2 
appears to be from 200 Hz to 630 Hz, where the transmission loss displays a positive 
slope of approximately 3 dB per octave. Region 3 appears to go from 630 Hz to the ring 
frequency, the resonant frequency of the duct which is a function of the duct mass and 
diameter. The transmission loss has a negative slope of approximately 8  dB per octave. 
Region 4 goes from the ring frequency to 10000 Hz, where the transmission loss again 
displays a positive slope of approximately 3 dB per octave. The regions described above 
relate directly to equations 5.1, 5.2, and 5.3. Region 1 is the region in which the predicted 
transmission loss values calculated from equations 5.1 and 5.2 would exceed 50 dB; 
therefore, the predicted transmission loss in region 1 would be approximately 50 dB. 
Transmission loss in regions 2 and 3 would be predicted using equations 5.1 and 5.2, 
while the transmission loss in region 4 would be predicted using equation 5.3. However, 
the use of equations 5.1 and 5.2 generally provide inadequate results, since the changes in 
slope of the actual data are not captured.
An expression for the ring frequency, which is the demarcation between regions 3 
and 4, was obtained by performing a regression analysis on the ducts tested and the 
resulting ring frequency. The ring frequency may be estimated by using equation 5.4.
f, (Hz) = 8475.9q -  488.7D + 2200 5.4
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Equation 5.4 had a coefiBcient o f determination of 0.95 and a standard deviation of 669 
Hz.
Since the ring frequent^ occurs at or above 4000 Hz for standard ducts up to 20- 
inches in diameter, the use of equations 5.1 through 5.3 will not predict the transmission 
losses above the ring frequenqr for small ducts.
A regression analysis was performed for each region identified above. Equations 
5.5 through 5.8 give the predicted transmission loss for each of the regions.
Region 1 T L ^  =101og-(^p:5^5:55-j+58.4 5.5
Equation 5.5 had a coefficient of determination o f 0.09, and a standard deviation 
of 4.54 dB.
f*
Region 2 T L ^  = 10 log- + 40.8 5.6
U  D‘
Equation 5.6 had a coefficient of determination o f 0.72, and a standard deviation 
of 4.20 dB.
,0 .79  \
Region 3 T L „  = 10 log-| 7 5 ^ ^ 3.01 + 1672 5.7
y
Equation 5.7 had a coefficient of determination of 0 .8 6 , and a standard deviation 
of 3.80 dB.
Region 4 T L ^  = lOlog- ((f -  f^ )“-^q“ ^D“-“ ) +15.4 5.8
Equation 5.8 had a coefficient of determination of 0.86, and a standard deviation 
of3.23 dB.
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The actual transition fiequency for each of the regions was calculated by equating 
the equations for the end frequency of each region. Equation S.5 is used from SO Hz to 
the transition frequenty calculated by equation 5.9.
f,i = 13.6q‘-“ D “-® 5.9
It is interesting to note that equation 5.5 predicts a transmission loss o f 44 to 46 
dB (depending on duct diameter), with a slope of almost zero in the range for which the 
equation is valid. If equation 5.5 is replaced with an estimated transmission loss of 45 dB 
the results are in close agreement to the values suggested by Cummings. Equation 5.9 
indicates tW  the transition frequency for the first region is strongly dependent on duct 
mass and diameter. For an 8 -inch duct, for example, the transition frequency is 41 Hz; 
hence, in analyzing duct breakout from 50-10000 Hz equation 5.5 would not be used.
The transition frequency for equation 5.6 may be calculated using equation 5.10.
^ I445q°**
Cz -  qO.43 5.10
For the ducts tested, equation 5.10 predicts a transition frequency varying from 470 Hz to 
600 Hz.
The transition frequency for equation 5.7 will always be the ring frequency. The 
exact value of the transition frequency may be found by solving equation 5.11.
Equation 5.11 was solved using the Newton-Raphson technique. Solution of 
equation 5.11 for each of the ducts tested for this project indicate that the transition 
frequency for equation 5.7 is always the ring frequency f  ±18 Hz, hence the transition
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frequency for equation 5.7 is the ring frequency. Table 5.2 provides the transition 
frequenqr for each of the duct sizes tested for this project. Table 5.3 provides a summary 
of the transmission loss and transition frequency equations for spiral wound circular sheet 
metal ducts. Equations in English and SI units are provided.
Examination of data from Cummings revealed that testing for this project tested 
two duct diameters, mass, and construction types that Cummings had tested previously.
The measured transmission loss fr>r the two ducts, a 14-inch diameter 24-gauge 
duct and a 20-inch diameter 2 2 -gauge duct, is shown in Figures 5.3 and 5.4. Figure 5.3 
shows good general agreement between the two data sets. The Cummings data shows a 
nearly flat transmission loss above the ring frequency, while the data from UNLV shows 
the typical high transmission loss above the ring frequency.
Figure 5.4 shows a comparison between the data collected by Cummings and the 
data for this report. Throughout the range of the frequencies examined the data sets are 
an excellent match. Figures 5.5 to 5.9 show the measured breakout transmission loss 
from each of the sheet metal ducts tested. Also shown are the predicted values for the 
breakout transmission loss from equations 5.5 to 5.8.
Inside Duct Transition from 5.5 Transition from 5.6 Transition from
Diameter (Inches) to 5.6 to 5.7 5.7 to 5.8
8 41 Hz 591 Hz 8017 Hz
14 55 Hz 465 Hz 5005 Hz
2 0 96 Hz 481 Hz 3158 Hz
30 160 Hz 471Hz 2007 Hz
38 289 Hz 541 Hz 1607 Hz
able 5.2 Transition Frequencies for Circular Sheet Metal
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Region 
English Units
TLout Equation Transition Frequency Equation
1 T L ^  = 1 0  log-
2  TLoot = 1 0  log
r 1
0.43rN0.49
TL„„, =10 log
J-U2
,0 .7 9
2.88 rN 3.01
+ 58.4
+ 40B
1 .6 3 r \0 j3= 13.6q‘“ D
1445q 0.84
+ 167.2
f, = 8475.9q -  488.7D + 2200
TL„. =10log-((f-f,)°-” q“^ 'D“^ )  + 15.4
SI Units
1 TL<« =  1 0  log- 0 .4 3 n 0 .4 9
f  fU 2
+50.6
f,i = 7.2q‘®D“-®
2 T L ^  = lOlog- +37.6
f., =
78.6q0.84
TL„„, = lOlog-
.0 .7 9
vf2-“ D30‘y
D'0.43
+ 113.7
C = 1735.9q -  19240D + 2200
Table 5.3 Circular Sheet Metal Duct Transmission Loss and Transition Frequency 
Equations
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Figure 5.3 Measured TLo«t Comparison 14-inch 24-gauge Sheet Metal
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Figure 5.4 Measured TLoot Comparison 20-inch 22-gauge Sheet Metal
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Figure 5.5 Predicted and Measured Transmission Loss from 8 -inch 24-gauge Sheet Metal
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Figure 5.6 Predicted and Measured Transmission Loss from 14-in 24-gauge Sheet Metal
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Figure 5.8 Predicted and Measured Transmission Loss from 30-in 20-gauge Sheet Metal
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Figure 5.9 Predicted and Measured Transmission Loss from 38-in 18-gauge Sheet Metal
Spiracoustic and Double Wall Ducts
The final set of tests were performed on circular ducts lined with Spiracoustic or 
Spiracoustic Plus material. Additionally, three sizes of Double-Wall duct were available, 
and hence were included in the testing. While no previous test results for these ducts 
were available, it was anticipated that the general shape of the transmission loss curves 
would be similar to the curves obtained for the bare sheet metal ducts. The value of the 
transmission loss at the ring frequency may be different than the value observed for the 
sheet metal ducts; however, since the duct diameter and mass (excluding lining) and the 
duct mass are the same for the lined and unlined ducts and the mass of the liner is much 
smaller than the mass of the sheet metal, resonance should occur near the same frequency 
as observed for bare sheet metal ducts. Finally, the absorption properties of the lining
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material should result in negative slopes that are not as steep as the slopes observed in 
bare sheet metal transmission loss curves. Prior to testing, it was unknown how the 
Spiracoustic lined ducts would compare to double walled ducts.
Duct testing was performed in the same manner as previously described. The 
mounting assemblies and barrier walls used for the lined duct tests were the same as for 
the bare sheet metal tests. All tests for a specific duct size were conducted on a single 
day; for example, the 8 -inch diameter sheet metal, Spiracoustic, and double wall tests 
were performed on the same day. Table 5.4 provides the duct specifications for the 
Spiracoustic/Spiracoustic Plus and double wall ducts tested.
Tables B . 6 through B.13 provide the data and transmission loss calculation results 
for the Spiracoustic, Spiracoustic Plus, and double wall lined ducts. A comparison of 
results for similar duct sizes revealed that the two lining materials performed almost 
identically. Since the mass of the lining materials is similar, the data for the 
Spiracoustic/Spiracoustic Plus and double wall duct were combined to perform the 
regression analysis. This technique allowed a single set of equations to be derived that 
accurately predicts transmission loss for both duct types.
The data was separated into four regions, each separated by an inflection point. 
During the regression analysis, it was initially determined that the best fit was obtained by 
separating the data into regions using breakpoints at 160, 630, fi, and 10000 Hz. Hence, 
the data was broken into the same regions observed for the sheet metal ducts. Equations 
5.12 through 5.15 provide an approximation for transmission loss for the ducts.
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Outside Inside Sheet Duct Mass
Diameter (in) Diameter
(in)
Metal
Gauge
(Ib/ft^)
Spiracoustic/Spiracoustic 
Plus Duct Diameter
8 6 24 1 . 0 0
14 1 2 24 1 . 0 0
2 0 18 2 2 1.25
30 28 2 0 1.50
36 36 18 2 . 0 0
Double Wall Duct
8 6 24 1 . 0 0
14 1 2 24 1 . 0 0
2 0 18 2 2 1.25
Table 5.4 Spiracoustic/Spiracoustic Plus Duct Specifications
Region 1 T L ^ = 10 log'
1
0 J S r \0 .7 4 •61.7 5.12
Equation 5.12 had a coefficient of determination of 0.16, and a standard deviation 
of 4.89 dB.
Re^on 2 T L _ = 1 0 1 o g . | - ; : ^
D'
+ 5L 5.13
Equation 5.13 had a coefficient of determination of 0.76, and a standard deviation 
of 3.86 dB.
Region 3 T L ^ = 1 0  log
(  q 3 .26  ^
+ 1213 5.14
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Equation 5.14 had a coefficient of determination of 0.90, and a standard deviation 
of 2.56 dB.
Region 4 T L ^  = 10 log-
D8.77
+ 1413 5.15
Equation 5.15 had a coefficient of determination of 0.81, and a standard deviation 
of 3.35 dB.
The ring frequency can be approximated using equation 5.4.
Equation 5.12 predicts a transmission loss between 44 and 50 dB from 50 to 160 
Hz. Since the slope in this section is close to zero, an adequate approximation could be 
achieved by replacing equation 5.12 with a transmission loss value of 47 dB and a slope of 
zero in this region. Equation 5.13 predicts a positive slope of approximately 4 dB per 
octave from 200 to 630 Hz. Equation 5.14 predicts that the transmission loss will 
decrease approximately 3 dB per octave from 630 Hz to the ring frequency. After the 
ring frequency, equation 5.15 predicts an increase in transmission loss of approximately 3 
dB per octave.
The exact values of the transition frequencies can be calculated using equations 
5.16 to 5.18. Equation 5.16 predicts the transition frequency for equation 5.12.
^  43D ‘-‘®
‘cl — qO.48 5.16
Equation 5.17 can be used to calculate the transition frequency for equation 5.13.
D°fc2 = - - r S -  5.17
Equation 5.18 provides the transition frequency for equation 5.14.
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5.18
Equation 5.18 was solved using the Newton-Raphson technique, and indicates that 
the transition point for equation 5.14 is the ring frequency. Therefore, equation 5.18 may 
be replaced with the ring frequency calculated by equation 5.4.
Table 5.5 provides the transition frequencies between prediction equations for 
each of the ducts tested. Figures 5.10 through 5.14 provide the measured and predicted 
breakout transmission loss for each Spiracoustic or Spiracoustic Plus duct tested. Figures 
5.15 through 5.17 provide the measured and predicted breakout transmission loss for the 
double wall ducts tested.
Table 5.6 provides a summary of the equations for the transmission loss and 
transition frequency for use with fiberglass lined ducts. Equations in both English and SI 
units are provided.
Lined Duct Inside 
Diameter (inches)
Transition from 
5.12 to 5.13
Transition from 
5.13 to 5.14
Transition from 
5.14 to 5.15
6 36 Hz 560 Hz 8000 Hz
1 2 80 Hz 458 Hz 5000 Hz
18 116Hz 481 Hz 3151 Hz
28 177 Hz 474 Hz 2014 Hz
36 206 Hz 578 Hz 1601 Hz
Table 5.5 Transition Frequencies for Spiracoustic/Spiracoustic Ducts
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
74
Region 
English Units
TLout Equation
1 T L ^  = 1 0  log- 0 3 5 t>0.74 + 6 1 .7
TLg^ = 1 0  log
r f L 2 6  0.78>|
T L ^  = 1 0 Iog-
r q 3 .2 6  \
+  1213
4 TL,„ = 10 log-
SI Units
D877
+141.3
1 T L „  = 101og-|^p35^ô;^J+49.9
f‘-“ q2 T L ^  = lOlog- —
D"-"* ; + 43
,3.26
*^oat ~ 1 0  log-1 o^.93Q3.70 +  39 .8
TL„„, = 10 log [ f - f j  q " ",8.77 -85.1
Transition Frequency Equation
U643D
L i -  qO.48
f., =
1585q“ ^
C2 g O j
f, =  8475 .9q  -  488 .7D  +  2 2 0 0
682 .6D U6f -*cl -  „0 .4 8
L, =
42JqU 3
c 2  Q O .S
f, =  1735.9q -  1 9 2 4 0 D + 2 2 0 0
Table 5.6 Circular Fiberglass Lined Duct Transmission Loss and Transition Frequency 
Equations
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Figure 5.11 Predicted and Measured Transmission Loss from 12-inch 24-gauge 
Spiracoustic
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Figure 5.13 Predicted and Measured TLout from 28-inch 20-gauge Spiracoustic
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Figure 5.15 Predicted and Measured TLout from 6 -inch 24-gauge United McGill K27
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Figure 5.16 Predicted and Measured TLout from 12-inch 24-gauge United McGill K27
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Figure 5.17 Predicted and Measured TLout from 18-inch 22-gauge United McGill K27
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Circular Duct Breakout Transmission Loss Prediction Curves
Figures 5.18 through 5.21 present the breakout transmission prediction curves for 
each size of circular duct tested. In each figure, the predicted transmission loss for a 
standard gauge spiral wound sheet metal duct and fiberglass lined duct have been plotted.
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Figure 5.18 Predicted Transmission Loss Curves for 6 -inch Ducts
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Figure 5.19 Predicted Transmission Loss Curves for 12-inch Ducts
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Figure 5.20 Predicted Transmission Loss Curves for 18-inch Ducts
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Figure 5.21 Predicted Transmission Loss Curves for 28-inch Ducts
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Figure 5.22 Predicted Transmission Loss Curves for 36-inch Ducts
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CHAPTER 6 
CONCLUSIONS
The following conclusions for rectangular ducts may be reached from this project:
•  The SuperDuct Fiberboard ducts will perform as well as sheet metal ducts for 
all sizes tested.
• SuperDuct and sheet metal ducts exhibit a maximum transmission loss of 
approximately 45 dB.
• The fiberglass lined sheet metal ducts will outperform both the SuperDuct and 
the bare sheet metals ducts throughout all frequencies and for all sizes tested in 
this study.
• The lined sheet metal ducts display a significant increase in transmission loss 
when compared to SuperDuct and sheet metal ducts at all frequencies over 
250 Hz.
• Below 250 Hz the SuperDuct, lined sheet metal ducts, and bare sheet metal 
ducts perform about the same.
The following conclusions may be reached regarding the circular ducts tested for 
this project:
82
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•  Breakout transmission loss from circular ducts may be accurately predicW 
using equations empirically derived for third octave band center frequencies.
• The lowest breakout transmission loss for all circular ducts occurs at the 
resonant frequency of the duct.
•  The resonant frequenqr of the duct may be predicted as a function of the duct 
mass and diameter.
•  Circular ducts exhibit a significant increase in breakout transmission loss above 
the resonant frequency of the duct.
• The Spiracoustic/Spiracoustic Plus ducts outperform the bare sheet metal 
ducts in all frequency ranges.
• Double-wall ducts perform the same as Spiracoustic or Spiracoustic Plus 
ducts.
The following general conclusions may also be reached;
•  The measurement of breakout transmission loss is reproducible.
• The use of prediction equations to approximate the breakout transmission loss 
of standard sheet metal ducts will provide excellent results.
•  The use of prediction equations to approximate the breakout transmission loss 
from non-standard ducts provided good results in all cases where experimental 
data was fit with predicted breakout transmission loss curves.
The objectives of this project were to develop a method of measuring transmission 
loss, develop transmission loss equations for fiberglass and fiberglass lined ducts, and
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compare the equations to measured transmission losses. All objectives of this project 
were met.
Additional work required in this field includes testing same dimension ducts made 
from dififerent gauge sheet metal. This would allow a more comprehensive mass term to 
be included in the equation. Tests to measure duct breakout \wth airflow would also add 
greatly to the general knowledge of breakout.
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APPENDIX A
RECTANGULAR DUCT TRANSMISSION LOSS TABLES
Each table in this appendix includes the duct dimensions, calculated value ofL^i) 
and L^r), the end correction and area normalization terms, and the calculated transmission 
loss TLout. Tables A. 1 through A.6 provide the calculations for determining the 
transmission loss from sheet metal ducts. Tables A.7 through A 12 are the calculations for 
lined sheet metal ducts, and tables A 13 through A 18 are the calculations for SuperDuct.
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8 6
Radiating O utside O utside
Length Width Height
(in ch es) (in ch es) (inches)
2 1 4  1 2 .1 2 5  1 2 .1 2 5
22-in  plug in last 45-in  section .
Ao
A,
1 0 3 7 9  in^ 
1 4 4  in^
Inside
Height
(inches)
12
D=
Co=
1 3 .5 4
1 3 5 0 4
Inside 
Width 
(inches)
12
1/2 o f radiating area  o f  plug subtracted
Freq (Hz) U Ur
end
correction Area term fl-QUt
5 0 7 3 .3 2 73.91 15.22 18 .58 33 .21
6 3 7 1 .9 0 7 2 .4 7 13.41 18 .58 31 .41
8 0 7 3 .0 0 6 9 .3 5 11 .57 18 .58 3 3 .7 9
1 0 0 6 9 .7 4 6 5 .7 7 9 .9 0 18 .58 3 2 .4 6
125 7 2 .4 9 6 5 .1 9 8 .30 18 .58 3 4 .1 8
160 6 2 .0 6 5 8 .7 8 6 .6 5 18 .58 2 8 .51
2 0 0 6 1 .1 0 5 2 .1 0 5 .29 18 .58 3 2 .8 7
2 5 0 5 8 .9 5 5 0 .1 6 4 .0 9 18 .58 3 1 .4 6
3 1 5 67 .01 5 7 .3 0 3 .0 4 1 8 .58 3 1 .3 2
4 0 0 7 3 .9 2 6 0 .2 2 2 .1 7 18 .58 3 4 .4 5
5 0 0 7 5 .7 9 6 0 .0 4 1.54 18 .58 3 5 .8 7
6 3 0 7 3 .4 4 57.01 1.06 18 .58 3 6 .0 7
8 0 0 7 5 .5 6 6 0 .8 4 0 .70 18 .58 3 4 .0 0
1000 7 4 .6 6 5 9 .0 4 0 .48 18 .58 3 4 .6 8
1 2 5 0 8 3 .9 3 65 .81 0 .3 2 18 .58 3 7 .0 2
1 6 0 0 8 7 .0 7 6 7 .4 8 0 .2 0 1 8 .5 8 3 8 .3 8
2 0 0 0 8 4 .1 3 6 2 .1 8 0 .1 3 18 .58 4 0 .6 7
2 5 0 0 8 3 .4 8 6 0 .5 9 0 .0 9 18 .58 4 1 .5 5
3 1 5 0 8 2 .1 5 5 8 .3 5 0 .0 6 1 8 .58 4 2 .4 3
4 0 0 0 8 6 .1 8 6 1 .3 6 0 .0 4 18 .58 4 3 .4 4
5 0 0 0 9 1 .6 8 6 5 .8 6 0 .0 2 1 8 .5 8 4 4 .4 2
6 3 0 0 9 8 .9 2 7 4 .4 9 0 .02 18 .58 4 3 .0 2
8 0 0 0 9 5 .2 6 71.11 0.01 18 .58 4 2 .7 4
1 0 0 0 0 8 9 .8 4 6 4 .8 9 0.01 18 .58 4 3 .5 3
Table A 1 12x12 Sheet Metal
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Radiating
Length
(inches)
218
O utside Outside 
Width Height 
(inches) (inches) 
12 .25  24 .25
Ao
A.
inside
Width
(inches)
12
15914 in^
288 in^
D= 19.15
Co= 13504
Inside
Height
(inches)
24
20-in plug in last 56-in section. 1/2 of radiating area of plug subtracted
Freq (Hz) Uii Ur
end
correction Area term TUu,
50 75 .49 73.14 12.51 17.42 32.28
63 7 2 .58 74.04 10.76 17.42 26 .72
80 73 .2 8 75.84 9.01 17.42 23.88
100 7 3 .6 4 70.22 7.46 17.42 28.31
125 76  7 7 71.68 6.03 17.42 28.54
160 69 .7 8 66.47 4.61 17.42 25 .34
200 70 .8 4 62.48 3.51 17.42 29.29
250 6 9 .0 3 62.90 2.59 17.42 26 .15
315 70 .0 4 59.53 1.84 17.42 29.78
400 7 8 .9 0 66 .72 1.26 17.42 30.87
500 82.51 69.76 0.87 17.42 31.05
630 80 .0 7 67.06 0.58 17.42 31.02
800 82 .8 4 67.93 0.38 17.42 32.71
1000 81 .62 66.47 0.25 17.42 32.82
1250 83 .77 67.22 0.17 17.42 34 .14
1600 85 .00 66.87 0.11 17.42 35.65
2000 82 .3 5 62.11 0.07 17.42 37 .73
2500 83.91 62.98 0.05 17.42 38.40
3150 81 .9 4 60.54 0.03 17.42 38.85
4000 78 .89 55.69 0.02 17.42 40 .65
5000 82 .85 59.49 0.01 17.42 40 .80
6300 87 .7 6 64.32 0.01 17.42 40 .88
8000 8 3 .80 58.75 0.01 17.42 42.48
10000 76 .2 5 50.03 0.00 17.42 43 .65
Table A.2 12x24 Sheet Metal
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Ao 20928 in  ^
A, 426 .0156  in^
D* 23.29
Co* 13504
Radiating
Length
(inches)
218
Outside
Width
Outside
Height
(inches) (inches)
12 36
Inside
Width
(inches)
11.875
Inside
Height
(inches)
35 .875
20-in plug in last 56-in section . 1/2 o f  radiating area o f plug subtracted
Freq (Hz) U* Ur
end
correction Area term TLout
50 75.72 74.99 11.02 16.91 28.66
63 77.26 77.31 9.32 16.91 26.18
80 75.18 76.51 7.65 16.91 23.23
100 75.10 72.31 6.20 16.91 25.90
125 75.39 68 .67 4 .89 16.91 28.51
160 71.52 65 .28 3.63 16.91 26.78
200 72.12 61.12 2.69 16.91 30.61
250 69 .54 59.92 1.95 16.91 28.47
315 68.61 56.61 1.35 16.91 30.27
400 77.24 64.09 0.91 16.91 30.97
500 81.51 67 .37 0.62 16.91 31.67
630 78.53 63 .34 0.41 16.91 32.51
800 81.94 66.39 0.27 16.91 32.72
1000 81.17 65.52 0.18 16.91 32.74
1250 83.97 66.58 0.12 16.91 34.42
1600 85.19 65.89 0.07 16.91 36.28
2000 82.30 61.23 0.05 16.91 38.04
2500 84.06 62.35 0.03 16.91 38.65
3150 81.26 58.45 0.02 16.91 39.74
4000 78.37 53.39 0.01 16.91 41.91
5000 82.16 56.62 0.01 16.91 42.46
6300 88.28 62.85 0.01 16.91 42.34
8000 85.13 58.64 0.00 16.91 43.40
10000 78 .24 50.96 0.00 16.91 44.20
Table A.3 12x36 Sheet metal
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Radiating Outside Outside 
Length Width Height 
(inches)
217
22-in plug in last 56-in section
(inches) (inches) 
24.125 24.125
Ao
Ai
20940.5 in^
576 in^
Inside
Height
(inches)
24
D=_27.08
Co- 13504
Inside 
Width 
(inches)
24
1/2 o f radiating area o f plug subtracted
Freq (Hz) U Lwr
end
correction Area term TLou
50 71.79 72.45 9.90 15.61 24.84
63 74.84 74.39 8.25 15.61 24.30
80 76.23 73.46 6.65 15.61 25.03
100 71.52 67.82 5.29 15.61 24.60
125 73.16 67.28 4.09 15.61 25.58
160 72.89 65.62 2.98 15.61 25.86
200 71.64 61.85 2.17 15.61 27.56
250 - 69.92 60.06 1.54 15.61 27.00
315 71.27 58.70 1.06 15.61 29.24
400 80.32 66.69 0.70 15.61 29.94
500 80.42 64.75 0.48 15.61 31.75
630 81.86 65.82 0.31 15.61 31.96
800 81.12 64.75 0.20 15.61 32.19
1000 82.11 65.83 0.13 15.61 32.02
1250 93.28 75.40 0.09 15.61 33.57
1600 94.43 74.90 0.06 15.61 35.18
2000 96.14 74.79 0.04 15.61 36.99
2500 96.42 74.16 0.02 15.61 37.89
3150 97.78 74.09 0.02 15.61 39.31
4000 96.58 71.92 0.01 15.61 40.27
5000 98.47 72.56 0.01 15.61 41.53
6300 102.49 76.89 0.00 15.61 41.21
8000 103.32 76.01 0.00 15.61 42.93
10000 96.50 68.23 0.00 15.61 43.87
Table A.4 24x24 Sheet Metal
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Ao
Ai
26148.5 in'
864 in^
D= 33.17
Co= 13504
Radiating Outside Outside Inside Inside
Length Width Height Width Height
(inches) (inches) (inches) (inches) (inches)
217  24.125 36 .125  24  36
22-in plug in last 56-in section. 1/2 of radiating area of plug sutitracted
end
Freq (Hz) Ur correction Area term TUu
50 75.24 75.46 8.45 14.81 23.03
63 79.33 77.30 6.88 14.81 23.72
80 81.30 77 .60 5.41 14.81 23 .92
100 77.16 72 .39 4.20 14.81 23.78
125 78.40 69 .57 3.16 14.81 26.81
160 75.02 64 .43 2.23 14.81 27 .64
200 72.22 61 .05 1.59 14.81 27.57
250 71.44 59.01 1.11 14.81 28 .35
315 69.57 55.35 0.75 14.81 29.78
400 79.14 66 .04 0.49 14.81 28 .40
500 84.09 69 .09 0.33 14.81 30.14
630 82.66 65 .87 0.22 14.81 31.81
800 84.22 67 .38 0.14 14.81 31.79
1000 84.49 67 .38 0.09 14.81 32 .02
1250 91.10 72.01 0.06 14.81 33 .96
1600 93.67 73 .25 0.04 14.81 35.27
2000 93.26 71.56 0.03 14.81 36.53
2500 93.08 69.41 0.02 14.81 38.49
3150 98.14 72 .62 0.01 14.81 40 .34
4000 97.34 71.05 0.01 14.81 41.11
5000 99.88 72.82 0.00 14.81 41 .87
6300 103.09 75 .87 0.00 14.81 42 .03
8000 103.00 74.42 0.00 14.81 43.39
10000 92.68 63.68 0.00 14.81 43 .82
Table A.5 24x36 Sheet Metal
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A. 
A,
Radiating
Length
(inches)
2 1 7
Outside
Width
Outside
Height
(inches) (inches) 
36 .125  36.125
Inside
Width
(inches)
36
31356.5 in'
1296 in^
Inside
Height
(inches)
36
D= 40.62
Co= 13504
22-in plug in last 56-in section. 1/2 o f radiating area of plug subtracted
Freq (Hz) U Ur
end
correction Area term TUu
50 75.90 73.96 7.07 13.84 22.85
6 3 78.18 73.58 5.62 13.84 24.06
80 77.38 72.87 4.30 13.84 22.64
100 72.28 67.92 3.25 13.84 21.44
125 74.60 65.98 2.38 13.84 24.85
160 74.20 62.35 1.64 13.84 27.32
200 71.28 58.73 1.15 13.84 27.53
250 70.36 56.12 0.79 13.84 28.86
315 71.25 55.83 0.53 13.84 29.78
400 80.94 65.92 0.34 13.84 29.20
500 81.06 64.73 0.23 13.84 30.40
6 3 0 81.83 64 .74 0.15 13.84 31.07
800 82.12 64.69 0.10 13.84 31.37
1000 83.91 66.32 0.06 13.84 31.49
1250 91.17 71.18 0.04 13.84 33.86
1600 93.88 72.40 0.03 13.84 35.35
2 000 93.26 70.72 0.02 13.84 36.39
2500 92.25 68.12 0.01 13.84 37.98
3150 96.35 70.90 0.01 13.84 39.30
4 000 94.92 68.56 0.00 13.84 40.21
5000 98.22 70.32 0.00 13.84 41.74
6300 103.36 75.20 0.00 13.84 41.99
8000 103.97 74.50 0.00 13.84 43.31
10000 96.65 66 .47 0.00 13.84 44.01
Table A.6 36x36 Sheet Metal
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Ao
A,
11984 in'
144 in'
D= 13.54
c =  13504
Radiating Outside Outside inside Inside 
Length Width Height Width Height 
(inches) (inches) (inches) (inches) (inches)
2 1 4  14 14 12 12 
20-in plug in last 56-in section. 1/2 o f radiating area of plug subtracted
Freq (Hz) U , U r
end
correction Area term TL^
50 74.63 73.93 15.22 19.20 35.13
63 72.06 74.38 13.41 19.20 30.29
80 71.99 70.19 11.67 19.20 32.57
100 69.53 64.98 9.90 19.20 33.65
125 73.81 63.63 8.30 19.20 37.69
160 65.96 57.67 6.65 19.20 34.15
200 69.25 54.15 5.29 19.20 39.59
250 63.88 52.75 4.09 19.20 34.42
315 67.34 50.63 3.04 19.20 38.95
400 74.65 56.53 2.17 19.20 39.49
500 77.32 54.07 1.54 19.20 43.99
630 74.51 46.84 1.06 19.20 47.94
800 76.93 47.69 0.70 19.20 49.14
1000 76.21 46.79 0.48 19.20 49.09
1250 84.17 49.01 0.32 19.20 54.68
1600 88.21 50.70 0.20 19.20 56.92
2000 82.40 42.66 0.13 19.20 59.08
2500 82.97 40.56 0.09 19.20 61.70
3150 79.77 37.81 0.06 19.20 61.23
4000 83.70 35.99 0.04 19.20 66.95
5000 88.52 38.69 0.02 19.20 69.06
6300 94.91 44.11 0.02 19.20 70.01
8000 90.61 38.57 0.01 19.20 71.25
10000 85.23 33.05 0.01 19.20 71.38
Table A.7 12x12 Lined Sheet Metal
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Ao
Ai
17200 in'
306.25 in^
D= 19.75
Co= 13504
Radiating O utside Outside Inside Inside
Length Width Height Width Height
(inches) (inches) (inches) (inches) (inches)
215 14 26 12.5 24 .5
26-in plug in la st 56-in section 1/2 of radiating area o f plug si
end
Freq (Hz) U i Ur correction Area term TLout
50 7 4 .4 4 73.19 1 2 2 8 17.49 31.03
63 71 .3 2 72.94 10.53 17.49 26 .40
80 7 4 .3 6 74.63 8.79 17.49 26.01
100 7 4 .2 2 69.58 7.26 17.49 29 .39
125 7 6 .7 6 68.85 5.84 17.49 31 .25
160 7 0 .0 3 62.75 4.45 17.49 29 .22
200 7 1 .5 5 60 .04 3.37 17.49 32 .38
250 6 9 .4 3 56.42 2.48 17.49 32.99
315 7 0 .2 0 52.18 1.76 17.49 37 .27
400 7 9 .1 3 58.97 1.20 17.49 38.85
500 82.91 60 .49 0.83 17.49 40 .74
630 8 0 .8 2 55.35 0.55 17.49 43 .53
800 8 3 .1 4 53.48 0.36 17.49 47.51
1000 8 1 .8 0 51.22 0.24 17.49 48.31
1250 8 4 .5 7 52.82 0.16 17.49 49.41
1600 8 5 .6 3 52.90 0.10 17.49 50.32
2000 8 3 .1 7 46 .56 0.07 17.49 54.17
2500 84 .5 3 45 .49 0.04 17.49 56.58
3150 8 2 .6 8 42.16 0.03 17.49 58 .04
4000 79 .6 4 35.62 0.02 17.49 61 .53
5000 8 3 .39 37.27 0.01 17.49 63 .62
6300 8 8 .2 7 40 .58 0.01 17.49 65 .19
8000 84 .5 0 36.30 0.00 17.49 65 .70
10000 77 .3 7 27.77 0.00 17.49 67 .10
Table AS 12x24 Lined Sheet Metal
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Ao 22752.563 in' 
A  456.25  in'
D= 24.10
Co= 13504
Radiating
Length
(inches)
218.25
Outside
Width
(inches)
14
Outside
Height
(inches)
38.125
Inside
Width
(inches)
12.5
Inside
Height
(inches)
36.5
19.5-in plug in last 56-in section. 1/2 of radiating area o f plug subtracted
Freq (Hz) U, Ur
end
correction Area term TLou
50 75.20 73.17 10.76 16.98 29.77
63 77 .03 76.92 9.07 16.98 26.15
80 75.96 75.17 7.41 16.98 25.19
100 75.07 69.50 5.98 16.98 28.53
125 75.68 66.06 4.70 16.98 31.29
160 71.47 62.07 3.48 16.98 29.86
200 72.26 59.13 2.57 16.98 32.67
250 69.30 55.35 1.85 16.98 32.78
315 67.67 49.97 1.28 16.98 35.97
400 76.47 55.32 0.86 16.98 38.99
500 81.48 57.51 0.58 16.98 41.53
630 78.73 50.95 0.39 16.98 45.14
800 82.21 50.68 0.25 16.98 48.77
1000 81.51 49.62 0.17 16.98 49.04
1250 85.11 50.57 0.11 16.98 51.63
1600 86.28 49.60 0.07 16.98 53.72
2000 83.28 43.40 0.05 16.98 56.90
2500 84.74 42.48 0.03 16.98 59.27
3150 82.57 38.04 0.02 16.98 61.54
4000 78.83 32.05 0.01 16.98 63.77
5000 82.65 33.70 0.01 16.98 65.94
6300 88.16 38.37 0.01 16.98 66.78
8000 85.28 34.47 0.00 16.98 67.80
10000 78.25 27.13 0.00 16.98 68.11
Table A 9 12x36 Lined Sheet Metal
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
95
Ao 22672 in' 
A  606.4153 in'
D=_27.79
Co= 13504
Radiating
Length
(inches)
218
Outside
Width
(inches)
26
Outside
Height
(inches)
26
Inside
Width
(inches)
24 .626
Inside
Height
(inches)
24.625
20-in plug in last 56-in section. 1/2 o f radiating area o f plug subtracted
Freq (Hz) L*, Ur
end
correction Area term TUu,
50 70.25 72.25 9.71 15.73 23.43
63 74.66 74.76 8.07 15.73 23.69
80 75.34 72.43 6.49 15.73 25.13
100 72.06 65.19 5.15 15.73 27.75
125 73.96 65.88 3.97 15.73 27.77
160 72.83 63.05 2.87 15.73 28.38
200 71.88 60.28 2.09 15.73 29.41
250  - 69 .80 56.65 1.48 15.73 30.36
315 71.41 54.12 1.01 15.73 34.04
400 80.35 59.97 0.67 15.73 36.79
500 80.38 56.50 0.45 15.73 40.06
630 81.94 55.11 0.30 15.73 42.86
800 81.58 53.00 0.19 15.73 44.50
1000 82.15 52.05 0.13 15.73 45.95
1250 93.54 61.23 0.08 15.73 48.11
1600 94.68 60.61 0.05 15.73 49.85
2000 96.37 59.16 0.04 15.73 52.97
2500 96.59 56.92 0.02 15.73 55.42
3150 97.95 55.58 0.02 15.73 58.11
4000 96.67 52.41 0.01 15.73 60.01
5000 98.54 52.08 0.01 15.73 62.19
6300 102.51 54.41 0 .00 15.73 63.82
8000 103.35 53.70 0.00 15.73 65.38
10000 96.44 45.65 0.00 15.73 66.52
Table A. 10 24x24  Lined Sheet Metal
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Ao 27840 in ' D= 33.91
A,- 903.375 in ' Co= 13504
Radiating Outside Outside Inside Inside
Length Width Height Width Height
(inches) (inches) (inches) (inches) (inches)
2 1 7 .5 26 38 24.75 36.5
21-in plug in last 56-in section . 1/2 o f radiating area o f plug subtracted
Freq (Hz) L*, L*r
end
correction Area term TUu,
50 74.28 73.05 8.29 14.89 24.41
6 3 80.02 74.70 6.74 14.89 26 .95
80 81.54 75.21 5.28 14.89 26 .50
100 77.47 68.52 4.08 14.89 27 .9 2
125 78.57 66 .93 3.07 14.89 2 9 .5 9
160 74.75 61 .85 2.16 14.89 29 .95
200 72.14 57.85 1.54 14.89 30.71
250 71.13 54.63 1.07 14.89 32 .45
315 69.51 50.93 0.72 14.89 34.18
400 79.22 57.42 0.47 14.89 37 .16
500 84.04 61 .00 0.32 14.89 38 .25
630 82 .58 56.97 0.21 14.89 40.71
800 84.15 55.65 0.13 14.89 43 .52
1000 84.46 54.56 0.09 14.89 4 4 .88
1250 91 .14 59.06 0.06 14.89 47 .03
1600 93.74 58.97 0.04 14.89 49 .70
2000 93.30 55.20 0.02 14.89 53.01
2500 93.02 52.33 0.02 14.89 55 .59
3150 98.06 53.90 0.01 14.89 59 .06
4000 97.29 51.80 0.01 14.89 6 0 .39
5000 99.86 51.67 0.00 14.89 63 .08
6 300 103.02 53.96 0.00 14.89 6 3 .95
8000 102.91 52 .47 0.00 14.89 65 .33
10000 92 .60 41.48 0.00 14.89 66.01
Table A . 11 2 4 x 3 6  Lined Sheet Metal
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Ao 32984  In' 
A  1323.125 in'
D= 41.04
Co= 13504
Radiating O utside Outside Inside Inside
Length Width Height Width Height
(inches) (inches) (inches) (inches) (inches)
2 17 38 38 36.5 36.25
22-in plug in last 56-in section . 1/2 of radiating area o f plug s
end
Freq (Hz) L«r correction Area term TUu,
50 7 6 .43 75.11 7.00 13.97 22.29
63 7 8 .2 0 73 .55 5.56 13.97 24.17
80 77 .55 70.59 4.25 13.97 25 .17
100 7 2 .62 65 .29 3.20 13.97 24.51
125 7 4 .25 64 .47 2.35 13.97 26.09
160 75 .25 61.90 1.62 13.97 28.93
200 71.91 58.64 1.13 13.97 28.36
250 71.21 55.24 0.77 13.97 30.71
315 71 .25 54.51 0.52 13.97 31.22
400 80 .73 61 .57 0.34 13.97 33.47
500 81 .38 60.83 0.22 13.97 34.74
630 81.51 59.59 0.15 13.97 36.04
800 82.31 57.42 0.09 13.97 38.95
1000 83 .76 56.84 0.06 13.97 40.95
1250 91 .20 62 .25 0.04 13.97 42.95
1600 93.81 62 .54 0.03 13.97 45.26
2000 93 .24 58.73 0.02 13.97 48.49
2500 92 .46 55.04 0.01 13.97 51.40
3150 96.51 56.38 0.01 13.97 54.11
4000 95.12 52.54 0.00 13.97 56.55
5000 98.31 53.23 0.00 13.97 59.05
6300 103.43 56.45 0.00 13.97 60.95
8000 104.14 56.33 0.00 13.97 61.77
10000 96 .65 47.85 0.00 13.97 62.77
Table A. 12 36x36 Lined Sheet Metal
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Ao
A,
98
12768 in'
144 in'
D= 13.54
Co= 13504
Radiating Outside Outside inside Inside
Length Width Height Width Height
(inches) (inches) (inches) (inches) (inches)
2 2 8 14 14 12 12
24-in plug in last 48-in section. 1/2 o f radiating area of plug si
end
Freq (Hz) U. Ur correction Area term1 T U
5 0 74 .54 70.34 15.22 19.48 38.90
6 3 73.48 71.02 13.41 19.48 35.35
80 72 .99 68.31 11.57 19.48 35.72
100 69 .10 69.82 9.90 19.48 28.66
125 71.59 67.99 8 .30 19.48 31.38
160 61 .74 62.42 6 .65 19.48 25.45
200 60 .54 53.47 5.29 19.48 31.84
250 58.67 48.56 4 .09 19.48 33.68
315 67 .14 52.93 3 .04 19.48 36.73
40 0 73.51 56.25 2 .17 19.48 38.91
500 75 .67 60.87 1.54 19.48 35.82
6 3 0 73.35 61.30 1.06 19.48 32.58
800 75.76 59.01 0 .70 19.48 36.93
1000 74.72 56.76 0.48 19.48 37.91
1250 84.11 66.12 0.32 19.48 37.79
1600 86.90 66.35 0 .20 19.48 40.24
2 0 0 0 84.10 64.92 0.13 19.48 38.79
2 5 0 0 83.64 62.31 0.09 19.48 40.90
3150 82.32 60.11 0.06 19.48 41.75
4 0 0 0 86.28 61.77 0.04 19.48 44.02
5000 91.75 65.49 0.02 19.48 45.76
6300 99.12 71.31 0.02 19.48 47.30
8000 95.54 65.12 0.01 19.48 49.91
10000 90.13 57.68 0.01 19.48 51.93
Table A. 13 12x12 SuperDuct
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Ao
Ai
18320 in'
288 in'
D= 19.15
Co= 13504
Radiating O utside Outside Inside Inside
Length Width Height Width Height
(inches) (inches) (inches) (inches) (inches)
229 14 26 12 24
22-in plug in last 48-in section. 1/2 o f radiating area of plug s
end
Freq (Hz) L« U correction Area term TL*,
50 7 5 .63 72 .92 12.51 18.04 33 .25
63 7 1 .39 70 .92 10.76 18.04 29 .26
80 74 .18 72 .84 9.01 18.04 28 .38
100 7 3 .7 8 71 .93 7.46 18.04 27 .34
125 76 .28 72 .84 6.03 18.04 27 .50
160 6 9 .75 66 .26 4.61 18.04 2 6 .14
200 71 .32 63 .20 3.51 18.04 29 .67
250 6 9 .4 7 57.69 2.59 18.04 32.42
315 7 0 .2 7 53.73 1.84 18.04 36 .43
400 79 .03 60 .96 1.26 18.04 37 .36
500 82 .82 68 .12 0.87 18.04 33.61
630 80.71 70.22 0.58 18.04 29 .10
800 83 .09 69 .93 0.38 18.04 31 .57
1000 81 .86 64 .33 0.25 18.04 35 .82
1250 84 .42 69 .49 0.17 18.04 33 .14
1600 85 .49 69 .48 0.11 18.04 34.15
2000 83 .15 65 .25 0.07 18.04 36.01
2500 84 .63 6 4 .37 0.05 18.04 38.34
3150 82 .55 60 .74 0.03 18.04 39 .87
4000 79 .39 56.06 0.02 18.04 41 .39
5000 83 .15 57.68 0.01 18.04 43 .52
6300 88 .00 60 .47 0.01 18.04 45 .57
8000 84.11 54.58 0.01 18.04 47 .57
10000 76 .90 45 .24 0.00 18.04 49 .70
Table A. 14 12x24 SuperDuct
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1 0 0
Ao
A,
23920 in'
444.0625 in'
D= 23.78
Co= 13504
Radiating O utside O utside Inside Inside
Length Width Height Width Height
(inches) (inches) (inches) (inches) (inches)
230 14 38 12.25 36 .25
20'in plug in last 48-in section . 1/2 o f radiating area o f plug subtracted
Freq (Hz) U Ur
end
correction Area term TL«,
50 74 .70 73.51 10.86 17.31 29.37
63 75.81 73 .1 7 9.17 17.31 29.12
80 75.93 72 .7 8 7.51 17.31 27.97
100 75.59 73.81 6.07 17.31 25.16
125 75.71 74 .82 4.77 17.31 22.97
160 71.41 6 8 .7 2 3.54 17.31 23.55
200 71 .88 6 4 .0 7 2.62 17.31 27.74
250 69 .80 58 .3 9 1.89 17.31 30.62
315 68 .14 52 .43 1.31 17.31 34.33
400 76.86 6 1 .2 0 0.88 17.31 33.85
500 81.69 70 .56 0.60 17.31 29.05
630 78.82 6 9 .4 6 0.40 17.31 27.06
800 82 .02 6 8 .7 0 0.26 17.31 30.89
1000 81.49 6 2 .9 8 0.17 17.31 36.00
1250 84.83 69 .6 8 0.11 17.31 32.58
1600 85.77 69.21 0.07 17.31 33.94
2000 83.41 67 .0 3 0.05 17.31 33.74
2500 84.81 6 4 .8 7 0.03 17.31 37.28
3150 82.86 6 1 .78 0.02 17.31 38.42
4000 79.69 57 .16 0.01 17.31 39.85
5000 83.74 58 .8 7 0.01 17.31 42.19
6300 88.78 6 2 .2 3 0.01 17.31 43.88
8000 85.12 56 .73 0.00 17.31 45.71
10000 77.84 4 7 .1 7 0.00 17.31 47.99
Table A 15 12x36 SuperDuct
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Ao
A,
23920 in'
576 in'
1 0 1
D=_27.08
13504
Radiating O utside O utside Inside Inside 
Length Width Height Width Height 
(inches) (inches) (inches) (inches) (inches)
2 3 0  2 6  26  24  2 4  
20-in plug in last 48-in section. 1/2 o f radiating area o f  plug subtracted
Freq (Hz) U i U r
end
correction Area term T U
50 7 0 .6 0 69 .7 3 9.90 16.18 26 .96
6 3 7 4 .6 9 75 .90 8.25 16.18 2 3 .23
80 7 6 .2 2 75 .78 6 .65 16.18 23 .27
100 7 2 .0 0 71 .28 5.29 16.18 2 2 .20
125 73.31 68 .0 3 4.09 16.18 25 .55
160 7 2 .8 8 66 .04 2 .98 16.18 26 .00
200 7 2 .1 0 64 .6 3 2 .17 16.18 2 5 .82
2 5 0 7 0 .2 2 58.26 1.54 16.18 29 .68
315 7 1 .3 9 54 .78 1.06 16.18 33 .85
40 0 8 0 .3 7 61.61 0.70 16.18 35 .64
500 8 0 .5 8 65 .53 0.48 16.18 31 .70
63 0 82.11 72.72 0.31 16.18 2 5 .88
800 8 1 .6 3 70 .13 0 2 0 16.18 27 .89
1000 8 2 .3 7 65 .00 0.13 16.18 33 .68
1250 9 3 .32 78 .96 0.09 16.18 30 .64
1600 94 .6 4 78 .47 0.06 16.18 32.41
2000 9 6 .2 8 79 .47 0.04 16.18 33 .03
2 5 0 0 9 6 .6 0 77.33 0.02 16.18 35.49
3150 97.81 76 .53 0.02 16.18 37 .49
4 0 0 0 96 .5 3 73 .97 0.01 16.18 38.76
5000 98.21 73.61 0.01 16.18 40 .79
6300 102 .07 75.59 0.00 16.18 4 2 .67
8000 102 .68 74.26 0.00 16.18 44.61
10000 95.61 64 .93 0.00 16.18 4 6 .87
Table A. 16 24x24 SuperDuct
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1 0 2
Ao
A,
Radiating
Length
(in ch es)
2 3 0
Outside
Width
Outside
Height
(inches) (inches)
2 6 38
Inside
Width
(inches)
24
29440 in'
864 in'
Inside
Height
(inches)
36
D= 33.17
Co= 13504
20-in  plug in last 48-in  section. 1/2 of radiating area o f plug subtracted
Freq (Hz) U Ur
end
correction Area term TL*,
50 7 3 .7 3 74.14 8 .45 15.32 23 .37
6 3 7 9 .0 7 80.94 6 .8 8 15.32 2 0 .34
80 82 .0 6 80.92 5.41 15.32 2 1 .88
100 7 6 .8 2 75.68 4 .2 0 15.32 2 0 .66
125 7 8 .4 4 74.83 3 .16 15.32 22 .10
160 7 4 .9 7 67.58 2 .2 3 15.32 2 4 .95
2 0 0 71 .8 9 64.18 1.59 15.32 2 4 .62
2 5 0 7 1 .2 0 58.55 1.11 15.32 2 9 .08
31 5 6 9 .3 3 53.37 0 .7 5 15.32 32 .04
4 0 0 79 .2 2 63.23 0 .4 9 15.32 31.81
5 0 0 8 3 .80 71.67 0 .33 15.32 27 .79
6 3 0 8 2 .6 5 73.50 0 .22 15.32 2 4 .69
800 8 4 .0 2 72.50 0 .1 4 15.32 26 .99
1000 84.51 66.86 0 .09 15.32 33 .07
1250 91 .1 6 76.18 0 .06 15.32 30 .36
1600 9 3 .56 77.16 0 .04 15.32 31 .77
2 0 0 0 9 3 .3 3 77.37 0 .0 3 15.32 31 .30
2 5 0 0 9 3 .03 73.60 0.02 15.32 34 .77
3 1 5 0 98 .03 76.69 0.01 15.32 36 .68
4 0 0 0 9 7 .2 9 74.34 0.01 15.32 38 .28
5 0 0 0 9 9 .7 7 74.54 0 .00 15.32 40 .5 7
6 3 0 0 102 .92 76.20 0 .00 15.32 42 .0 5
8 0 0 0 102 .67 73.87 0 .0 0 15.32 44 .12
10000 9 2 .38 61.62 0 .00 15.32 46 .0 9
Table A. 17 24x36 SuperDuct
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Ao
A
Radiating
Length
(inches)
229
Outside
Width
Outside
Height
(inches) (inches)
38 38
inside
Width
(inches)
36
34808 in'
1296 in'
Inside
Height
(inches)
36
103
D= 40.62
Co= 13504
22-in plug in last 48-in section . 1/2 o f radiating area o f plug subtracted
Freq (Hz) U Lwr
end
correction Area term TUu,
50 74.79 75.22 7 .07 14.29 20.93
63 78 .19 79 .74 5.62 14.29 18.37
80 78.03 73.53 4 .30 14.29 23.09
100 73 .04 72.00 3.25 14.29 18.58
125 75 .58 72 .18 2 .38 14.29 20.07
160 74 .74 66.62 1.64 14.29 24.05
200 71.87 63.81 1.15 14.29 23.50
250 70.63 59.01 0.79 14.29 26.69
315 71 .57 55.84 0.53 14.29 30.54
400 80 .53 64 .78 0 .34 14.29 30.39
500 81.03 68.50 0.23 14.29 27.05
630 81.47 72.11 0.15 14.29 23.79
800 82.02 69.98 0.10 14.29 26.42
1000 83.77 65.45 0.06 14.29 32.67
1250 91.10 75.95 0.04 14.29 29.48
1600 93.85 77.02 0.03 14.29 31.15
2000 93.18 76.30 0.02 14.29 31.18
2500 92.39 71.89 0.01 14.29 34.80
3150 96.55 74.58 0.01 14.29 36.26
4000 95.12 71.78 0.00 14.29 37.64
5000 98.30 72.43 0.00 14.29 40.16
6300 103.47 75.63 0.00 14.29 42.14
8000 104.19 74.14 0 .00 14.29 44.35
10000 96.52 64.40 0.00 14.29 46.41
Table A 18 36x36 SuperDuct
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APPENDIX B 
CIRCULAR DUCT TRANSMISSION LOSS TABLES
Each table in this appendix includes the duct dimensions, calculated Lw(i) and 
Lw(r) values, the end correction and area normalization terms, and the calculated 
transmission loss TLout. Tables B.l through B.5 are the calculations for sheet metal 
ducts. Tables B.6 through B. 10 are the calculations for Spiracoustic/Spiracoustic Plus 
ducts, and Tables B .l l  through B. 13 are the calculations for United McGill K27 Double 
Wall ducts.
104
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Ao 5730265 in' 
A  49.09429 in'
105
Co= 232.9
q= 1.0387
Radiating
Length
(inches)
228
Inside
Diameter
(inches)
7.90625
Outside
Diameter
(inches)
8
24-in plug in last 120-in section. 1/2 of radiating area of plug sutitracted
Freq (Hz) U Ur
end
correction Area term TUut
50 87.87 86.15 19.53 20.87 41.93
83 88.51 5 9 2 7 17.87 20.87 45.59
80 85.83 58.88 15.78 20.87 4321
100 84.91 4 3 2 9 14.00 20.87 5 8 2 9
125 81.30 47.69 1227 20.87 48.55
180 57.33 51.94 10.40 20.87 38.47
200 84.48 40.50 8.78 20.87 53.40
250 81.78 40.13 7 2 5 20.87 49.57
315 82.88 34.04 5.79 20.87 5 5 2 7
400 74.36 33.88 4.44 20.87 85.62
500 74.01 33.04 3.37 20.87 85.02
830 7 3 2 7 32.95 2.45 20.87 83.44
800 75.19 36.39 1.71 20.87 81.19
1000 75.18 52.31 1 2 0 20.87 44.74
1250 83.89 56.11 0.82 20.87 49.08
1800 84.35 53.13 0.54 20.87 52.43
2000 82.17 58.18 0.38 20.87 45.04
2500 83.46 82.93 0 2 4 20.87 41.44
3150 85.42 84.45 0.18 20.87 41.80
4000 85.71 85.83 0.10 20.87 40.85
5000 87.82 89.88 0.07 20.87 38.88
8300 91.19 77.57 0.04 20.87 34.34
8000 92.81 86.44 0.03 20.87 27.07
10000 85.79 72.72 0.02 20.87 33.78
Table B.l 8-inch Sheet Metal
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A, 10072.73 in'
A 153.938 in'
106
Co= 232.9
q= 1.0914
Radiating
Length
(inches)
228
Inside
Diameter
(inches)
14
Outside
Diameter
(inches)
14.0625
24-in plug in last 120-in section. 1/2 of radiating area of plug subtracted
Freq (Hz) Lwi Lwr
end
correction Area term TL«
50 71.62 65.37 14.96 18.16 39.37
63 72.59 58.06 13.15 18.16 45.84
80 71.07 54.04 11.31 18.16 46.51
100 67.01 41.93 9.66 18.16 52.90
125 67.48 48.06 8.07 18.16 45.66
160 66.21 52.60 6.44 18.16 38.21
200 67.31 40.86 5.10 18.16 49.71
250 68.39 41.77 3.93 18.16 48.71
315 67.16 35.35 2.91 18.16 52.87
400 77.66 40.85 2.06 18.16 57.04
500 77.64 42.08 1.46 18.16 55.17
630 77.32 49.64 1.00 18.16 46.84
800 80.09 46.71 0.66 18.16 52.20
1000 80.37 54.08 0.45 18.16 44.89
1250 89.79 63.96 0.30 18.16 44.28
1600 90.70 65.87 0.19 18.16 43.19
2000 86.42 64.94 0.13 18.16 39.76
2500 89.37 71.59 0.08 18.16 36.02
3150 91.59 76.05 0.05 18.16 33.75
4000 91.02 82.36 0.03 18.16 26.85
5000 92.56 83.59 0.02 18.16 27.15
6300 96.79 75.69 0.01 18.16 39.27
8000 97.62 71.62 0.01 18.16 44.18
10000 90.83 63.38 0.01 18.16 45.61
Table B.2 14-inch Sheet metal
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A, 14137.17 in'
A 312.1988 in'
107
Co* _232.9
q= 1.0387
Radiating 
Length 
(inches) 
225
Inside
Diameter
(inches)
19.9375
Outside 
Diameter 
(inches) 
20
30-in plug in last 120-in section. 1/2 of radiating area of plug subtracted
Freq (Hz) U Ur
end
correction Area term TUu
50 75.79 65.27 12.20 16.56 39.27
63 76.43 55.88 10.45 16.56 47.57
80 74.84 52.98 8.72 16.56 47.14
100 72.67 47.10 7.19 16.56 49.32
125 74.77 52.09 5.78 16.56 45.02
160 72.00 53.80 4.40 16.56 39.16
200 70.23 43.27 3.33 16.56 46.85
250 70.14 39.64 2.45 16.56 49.51
315 _ 69.50 36.60 1.73 16.56 51.19
400 80.67 49.45 1.18 16.56 48.96
500 82.46 47.74 0.81 16.56 52.09
630 82.49 50.55 0.54 16.56 49.05
800 84.35 61.00 0.35 16.56 40.26
1000 84.14 62.58 0.24 16.56 38.36
1250 91.02 70.28 0.16 16.56 37.45
1600 93.04 70.92 0.10 16.56 38.79
2000 90.57 73.41 0.07 16.56 33.79
2500 92.71 81.02 0.04 16.56 28.29
3150 94.68 86.96 0.03 16.56 24.30
4000 94.24 76.52 0.02 16.56 34.29
5000 96.03 71.90 0.01 16.56 40.70
6300 99.84 72.21 0.01 16.56 44.19
8000 100.51 71.82 0.00 16.56 45.26
10000 93.91 64.34 0.00 16.56 46.13
Table B.3 20-inch Sheet Metal
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Ao 27353.062 in' 
A  1134.1149 in'
109
Co* 232.9
Radiating
Length
(inches)
228
Inside
Diameter
(inches)
38
Outside
Diameter
Onches)
38.1875
24-in plug in last 1204n section. 1/2 of radiating area of plug sutxtracted
Freq (Hz) U Ur
end
correction Area term TLout
50 80.29 58.87 7.51 13.82 42.76
63 78.14 5 5 2 3 6.03 13.82 42.77
80 76.94 54.36 4.65 13.82 41.06
100 72.93 50.47 3.54 13.82 39.83
125 77.02 52.98 2.62 13.82 40.48
160 74.41 52.85 1.82 13.82 37.21
200 72.38 49.20 1.28 13.82 38.29
250 72.54 49.66 0.88 13.82 37.58
315 70.16 47.03 0.59 13.82 37.55
400 80.76 56.50 0.39 13.82 38.47
500 80.77 56.01 0.26 13.82 38.84
630 82.59 54.44 0.17 13.82 42.15
800 82.63 58.33 0.11 13.82 38.23
1000 84.11 61.68 0.07 13.82 36.32
1250 94.79 75.94 0.05 13.82 32.72
1600 96.19 83.56 0.03 13.82 26.49
2000 96.13 76.31 0.02 13.82 33.67
2500 96.76 71.16 0.01 13.82 39.43
3150 98.54 69.87 0.01 13.82 42.51
4000 97.34 64.45 0.01 13.82 46.72
5000 99.30 65.15 0.00 13.82 47.98
6300 102.88 68.40 0.00 13.82 48.31
8000 103.82 72.44 0.00 13.82 45.21
10000 97.16 70.26 0.00 13.82 40.72
Table B .5 38-inch Sheet: metal
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A  5730265 in'
A 2827433 in'
Radiating
Length
(inches)
228
Inside
Diameter
(inches)
Outside
Diameter
(inches)
8
24-in plug in last 120-in section. 1/2 of radiating area of plug subtracted
Freq (Hz) U Ur
end
correction Area term TUu.
50 66.59 67.34 21.77 23.07 44.08
63 65.57 60.16 19.89 23.07 48.36
80 65.49 58.98 17.97 23.07 47.55
100 65.74 43.67 16.18 23.07 61.32
125 62.32 48.04 14.42 23.07 51.76
160 58.30 52.71 12.49 23.07 41.15
200 64.57 40.55 10.80 23.07 57.89
250 61.77 3924 9.16 23.07 54.75
315 62.09 33.63 7.55 23.07 59.07
400 75.12 30.51 6.01 23.07 73.70
500 74.68 30.10 4.72 23.07 72.37
630 7320 30.82 3.57 23.07 69.01
800 75.33 31.66 2.58 23.07 69.32
1000 7528 38.07 1.86 23.07 62.14
1250 83.72 4429 1.31 23.07 63.80
1600 84.34 41.89 0.87 23.07 66.39
2000 82.18 43.91 0.59 23.07 61.93
2500 83.50 49.39 0.40 23.07 57.57
3150 85.49 49.88 0.26 23.07 58.93
4000 85.69 49.93 0.17 23.07 59.00
5000 87.62 52.12 0.11 23.07 58.68
6300 91.13 57.43 0.07 23.07 56.84
8000 92.62 60.77 0.05 23.07 54.96
10000 85.74 49.14 0.03 23.07 59.70
1 1 0
Co* 232.9
Table B.6 6-inch Spiracoustic
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A  10072.731 in' 
A 113.09734 in'
Radiating 
Length 
(inches) 
228
Inside 
Diameter 
(inches) 
12
Outside
Diameter
(inches)
14.0625
24-in plug in last 120-in section. 1/2 of radiating area of plug subtracted
Freq (Hz) U Lwr
end
correction Area term TU,
50 72.08 65.67 16.18 19.50 42.09
63 72.69 58.05 14.35 19.50 48.49
80 70.92 54.19 12.49 19.50 48.72
100 67.30 42.50 10.80 19.50 55.09
125 67.72 48.31 9.16 19.50 48.06
160 66.10 53.02 7.44 19.50 40.02
200 67.58 40.57 6.01 19.50 52.51
250 68.32 39.22 4.72 19.50 53.33
315 67.11 36.51 3.57 19.50 53.67
400 77.65 41.23 2.58 19.50 58.51
500 77.72 41.88 1.86 19.50 57.20
630 77.35 45.05 1.29 19.50 53.09
800 80.10 44.63 0.87 19.50 55.83
1000 80.61 47.85 0.59 19.50 52.84
1250 89.76 57.91 0.40 19.50 51.75
1600 90.63 59.00 0.25 19.50 51.38
2000 86.46 53.89 0.17 19.50 52.23
2500 89.31 57.48 0.11 19.50 51.44
3150 91.66 57.96 0.07 19.50 53.27
4000 90.98 62.13 0.05 19.50 48.39
5000 92.64 65.27 0.03 19.50 46.90
6300 96.87 57.82 0.02 19.50 58.57
8000 97.55 58.73 0.01 19.50 58.33
10000 90.77 52.20 0.01 19.50 58.08
Table B.7 12-inch Spiracoustic
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A, 14137.167 in^  
Aj 254.469 in^
Radiating
Length
(inches)
225
Inside
Diameter
(inches)
18
Outside
Diameter
(inches)
20
30-in plug in last 120-in section. 1/2 of radiating area of plug subtracted
Freq (Hz) L* U
end
correction Area term Tku
50 76.93 64.98 1299 17.45 42.38
63 76.84 56.87 11.22 17.45 48.63
80 74.70 5228 9.45 17.45 49.32
100 72.80 47.45 7.88 17.45 50.68
125 74.70 52.50 6.41 17.45 46.06
160 71.94 53.52 4.95 17.45 40.81
200 70.49 42.42 3.79 17.45 49.32
250 69.94 38.00 2.83 17.45 52.21
315 69.53 34.98 203 17.45 54.02
400 80.74 43.77 1.40 17.45 55.81
500 82.78 44.65 0.97 17.45 56.55
630 82.66 46.53 0.65 17.45 54.23
800 84.48 51.29 0.43 17.45 51.06
1000 84.27 51.81 0.28 17.45 50.19
1250 91.16 57.84 0.19 17.45 50.96
1600 93.17 58.54 0.12 17.45 52.20
2000 90.68 57.89 0.08 17.45 50.32
2500 92.73 61.96 0.05 17.45 48.27
3150 94.59 66.67 0.03 17.45 45.40
4000 94.09 57.29 0.02 17.45 54.27
5000 95.92 54.03 0.01 17.45 59.35
6300 99.62 55.72 0.01 17.45 61.35
8000 100.20 58.66 0.01 17.45 58.99
10000 93.68 52.44 0.00 17.45 58.69
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Table B.8 18-inch Spiracoustic Plus
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Ao 21488.494 in^  
Aj 615.75216 in^
Radiating
Length
(inches)
228
Inside
Diameter
(inches)
28
Outside
Diameter
(inches)
30
24-in plug in last 120-in section. 1/2 of radiating area of plug subtracted
Freq (Hz) U Ur
end
correction Area term TUu,
50 78.47 60.28 9.66 15.43 43.27
63 80.85 53.96 8.02 15.43 50.33
80 77.05 53.24 6.44 15.43 45.69
100 73.77 47.63 5.10 15.43 46.67
125 75.79 51.96 3.93 15.43 43.19
160 73.00 51.75 284 15.43 39.52
200 71.33 43.06 206 15.43 45.76
250 7273 39.95 1.46 15.43 49.68
315 70.56 37.14 1.00 15.43 49.85
400 -  81.09 46.18 0.66 15.43 51.00
500 81.07 44.84 0.45 15.43 52.11
630 81.87 49.08 0.30 15.43 48.51
800 82.11 49.31 0.19 15.43 48.42
1000 84.11 55.55 0.13 15.43 44.12
1250 94.84 65.13 0.08 15.43 45.22
1600 96.41 66.81 0.05 15.43 45.08
2000 95.49 70.06 0.03 15.43 40.89
2500 96.55 67.98 0.02 15.43 44.02
3150 97.96 67.74 0.01 15.43 45.66
4000 96.99 63.48 0.01 15.43 48.95
5000 98.91 60.51 0.01 15.43 53.83
6300 102.63 64.85 0.00 15.43 53.22
8000 103.55 72.23 0.00 15.43 46.76
10000 96.97 65.03 0.00 15.43 47.37
Table B.9 28-inch Spiracoustic Plus
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Ao 26860.62 in  ^
Aj 1017.876 in^
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Radiating
Length
(inches)
228
Inside
Diameter
(inches)
36
Outside
Diameter
(inches)
37.5
24-in plug in last 120-in section. 1/2 of radiating area of plug subtracted
Freq (Hz) Ui Ur
end
correction Area term TLgut
SO 78.91 58.55 7.88 14.21 42.45
63 79.25 52.99 6.36 14.21 46.84
80 77.53 54.47 4.95 14.21 42.21
100 73.00 50.00 3.79 14.21 41.01
125 76.20 51.67 2.83 14.21 41.57
160 73.50 52.21 1.98 14.21 37.49
200 72.21 48.19 1.40 14.21 39.63
250 73.50 47.49 0.97 14.21 41.19
315 70.95 45.12 0.65 14.21 40.69
400 81.06 53.51 0.43 14.21 42.20
500 81.28 53.46 0.28 14.21 42.32
630 82.62 48.30 0.19 14.21 48.72
800 82.42 50.52 0.12 14.21 46.23
1000 83.88 50.91 0.08 14.21 47.27
1250 94.51 64.45 0.05 14.21 44.32
1600 95.69 69.80 0.03 14.21 40.14
2000 95.96 62.76 0.02 14.21 47.44
2500 96.53 55.38 0.01 14.21 55.37
3150 98.19 53.95 0.01 14.21 58.47
4000 97.01 50.42 0.01 14.21 60.81
5000 98.85 50.30 0.00 14.21 62.77
6300 102.64 52.64 0.00 14.21 64.22
8000 103.55 52.25 0.00 14.21 65.51
10000 96.81 48.74 0.00 14.21 62.28
Table B. 10 36-inch Spiracoustic Plus
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A, 5705.1323 in^  
Aj 28.274334 in^
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Radiating Inside Outside
Length Diameter Diameter
(Inches) (inches) (inches)
227 6 8
24-in plug in last 120-in section. 1/2 of radiating area of plug subtracted
end
Freq (Hz) U Ur correction Area term TU-
50 67.80 68.06 21.77 23.05 44.56
63 66.93 61.00 19.89 23.05 48.87
80 64.58 58.70 17.97 23.05 46.90
100 61.95 41.08 16.18 23.05 60.11
125 59.37 45.99 14.42 23.05 50.84
160 56.96 51.92 1249 23.05 40.58
200 64.58 39.81 10.80 23.05 58.61
250 62.53 39.48 9.16 23.05 55.26
315 63.16 33.58 7.55 23.05 60.18
400 74.22 34.32 6.01 23.05 68.96
500 74.12 34.53 4.72 23.05 67.36
630 72.67 33.94 3.57 23.05 65.34
800 74.62 35.18 2.58 23.05 65.07
1000 75.01 39.52 1.86 23.05 60.40
1250 83.34 47.77 1.31 23.05 59.93
1600 84.31 46.61 0.87 23.05 61.61
2000 82.28 46.60 0.59 23.05 59.32
2500 83.69 50.34 0.40 23.05 56.80
3150 85.88 53.89 0.26 23.05 55.30
4000 86.09 55.33 0.17 23.05 53.98
5000 87.91 54.91 0.11 23.05 56.16
6300 91.68 60.23 0.07 23.05 54.57
8000 93.71 67.45 0.05 23.05 49.35
10000 86.89 53.68 0.03 23.05 56.29
Table B. 11 6-inch Double Wall Duct
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Ao
Aj
10027.96 in^  
113.0973 in'
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Radiating Inside Outside
Lengtti Diameter Diameter 
(inches) (inches) (inches)
228 12 14
24-in plug in last 120-in section. 1/2 of radiating area of plug sulatracted
Freq (Hz) - U Ur
end
correction Area term T U
50 70.58 66.77 16.18 19.48 39.47
63 70.71 57.12 14.35 19.48 47.42
80 71.29 54.09 12.49 19.48 49.17
100 72.29 47.47 10.80 19.48 55.09
125 70.89 51.94 9.16 19.48 47.58
160 67.16 54.45 7.44 19.48 39.63
200 67.07 42.34 6.01 19.48 50.22
250 66.52 40.18 4.72 19.48 50.54
315 66.19 37.93 3.57 19.48 51.31
400 77.13 46.70 2.58 19.48 52.50
500 78.59 48.58 1.86 19.48 51.35
630 77.41 46.77 129 19.48 51.40
800 79.73 46.95 0.87 19.48 53.12
1000 80.44 48.18 0.59 19.48 52.33
1250 89.48 57.11 0.40 19.48 52.25
1600 90.79 58.23 025 19.48 52.30
2000 86.82 56.80 0.17 19.48 49.67
2500 89.52 59.78 0.11 19.48 49.32
3150 91.86 60.01 0.07 19.48 51.40
4000 91.15 62.24 0.05 19.48 48.43
5000 92.85 64.90 0.03 19.48 47.45
6300 97.29 59.23 0.02 19.48 57.56
8000 98.16 59.59 0.01 19.48 58.06
10000 91.68 54.17 0.01 19.48 57.00
Table B. 12 12-inch Double Wall Duct
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A, 14137.167 in^  
Aj 254.469 in^
Radiating
Length
(inches)
225
Inside
Diameter
(inches)
18
Outside
Diameter
(inches)
20
30-in plug in last 120-in section. 1/2 of radiating area of plug sutAracted
Freq (Hz) U Ur
end
correction Area term T U
50 76.06 64.27 1299 17.45 4222
63 76.66 56.42 11.22 17.45 48.91
80 74.92 52.97 9.45 17.45 48.85
100 73.04 47.28 7.88 17.45 51.09
125 75.04 5233 6.41 17.45 46.57
160 72.09 53.51 4.95 17.45 40.97
200 70.37 42.11 3.79 17.45 49.50
250 70.21 38.30 283 17.45 5219
315 69.48 35.86 203 17.45 53.10
400 80.59 44.43 1.40 17.45 55.00
500 82.54 47.53 0.97 17.45 53.42
630 82.47 50.36 0.65 17.45 50.21
800 84.36 53.66 0.43 17.45 48.57
1000 84.11 53.95 0.28 17.45 47.89
1250 91.10 60.90 0.19 17.45 47.84
1600 93.08 61.00 0.12 17.45 49.65
2000 90.58 60.09 0.08 17.45 48.02
2500 92.80 65.33 0.05 17.45 44.97
3150 94.68 70.56 0.03 17.45 41.60
4000 94.29 60.29 0.02 17.45 51.47
5000 96.10 56.77 0.01 17.45 56.79
6300 99.85 59.56 0.01 17.45 57.75
8000 100.51 63.17 0.01 17.45 54.79
10000 93.80 57.16 0.00 17.45 54.09
Table B. 13 18-inch Double Wall Duct
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